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A i r c r a f t  ; ~ n d  a c c i d e n t  s t a t i s t i c s  h a v e  b e e n  p r o v i d e d  by  t h e  
I 
, FAA a n d  t h e  C.A.B. a n d  i n t e r p r e t e d  b y  t h e  w r i t e r s  f o r  g r a p h i -  
i ca l  p r e s e n t a t i o n .  D e f i n i t i o n  o f  t h e  m o s t  a d v e r s e  e n v i r o n m e n t s  

i n  w h i c h  a human m i g h t  s u r v i v e  h a v e  b e e n  a b s t r a c t e d  f rom t h  
F A A - C i v i l  A e r o m e d i c a l  R e s e a r c h  I n s t i t u t e  w o r k ,  a n d  from 
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n u m b e r  o f  a g e n c i e s  a n d  i n v e s t i g a t o r s  h a v e  been consulted î  
a n  e f f o r t  t o  g a i n  i n - d e p t h  i n f o r m a t i o n  r a p i d l y  for t h l m  r e  
These c o n t a c t s  h a v e  t h u s  f a r  i n c l u d e d :  

, *  

1 .  NASA - B i o t e c h n o l o g y  a n d  Human R e s e a r c h  D i v i s i o n ,  
W a s h i n g t o n ,  D. c .  

2 .  FAA - Mr. J .  J .  S w e a r i n g c n ,  a n d  M r ,  A.  H. H a s b r o o k ,  
C i v i l  A c r n m c d i c a l  R e s e a r c h  I n s t i t u t e ,  O k l a h o m a  . .  
c i ty ,  O k l a h o m a ,  

C. FAA - S!r. J .  J .  C a r r o l l ,  S u p e r s o n i c  T r a n s p o r t  - 
S a f e t y ,  W a s h i n g t o n ,  D. c. 

4 ,  CAB - Nr. B. R .  A l l e n  a n d  Nr. i ! o l l o w e 1 1 ,  B u r e a u  
o f  S z f c t y ,  Washington, D. C .  

5. llr. J .  L e d e r c r  a n d  11r. i l a l l a s ,  F l i g h t  S a f e t y  
F o u n d a t i o r i ,  l n c . ,  P h o e n i x ,  A r i z o n a  

6. L I l - .  H .  L. :t!aiIat::dcr a n d  X!r. R .  G. X c l n t y r c ,  
Douglas A i r c r a f t  C o m p a n y ,  L o n g  B e a c h ,  C a l i f o r n i a  

7 .  !Ir. P. B. D o n a l d s o n  a n d  Mr. B. A. C o s g r o v e ,  
B o e i n g  A i r c r a f t  Company ,  S e a t t l e ,  W a s h i n g t o n .  

A d d i t i o n a l  c o n t a c t s  w i t h  t h e s e  a n d  o t h e r  i n v e s t i g a t o r s  
a n t i c i p a t e d  as t h e  s t u d y  c o n t i n u e s  i n  o r d e r  t o  f o f a  a ~ 
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STENCEL AERO ENCI NEERI NG COHPORATION 

1.0 INTRODUCTION 

D e s i g n  f o r  human s u r v i v a l  i n  a i r c r a f t  e m e r g e n c i e s  
m a y  i n c l u d e  f o u r  g e n e r a l  a n d  i n t e r - d e p e n d e n t  i t e m . .  

T h e  a i r c r a f t  n o r m a l  p h y s i c a l  o p e r a t i n g  r e q u i r e -  
m e n t s .  

T h e  human p h y s i c a l  l i m i t s .  . .  
1 ,  -# 

T h e  a i r c r a f t  p h y s i c a l  a n d  e c o n o m i c  o p e r a t i n g  . 
e n v i r o n m e n t .  

T h e  s o c i a l  i m p a c t  o f  a c c i d e n t  f a t a l i t y .  

This s t u d y  dwells upon t h e  a i r c r a f t  r e q u i r e m e n t s  a n d  
t h e  human p h y s i c a l  l i m i t s  i n  a n  e f f o r t  t o  i m p r o v e  
human s u r v i v a l  i n  an a i r c r a f t  a c c i d e n t .  T h e  o p e r a t i n g  
e n v i r o n m e n t  a n d  s o c i a l  i m p a c t  i s  n o t  t r e a t e d  w i t h i n  
t h e  s c o p e  o f  t h i s  s t u d y ,  e x c e p t  p e r h a p s  i n  t h e  sense  
o f  a c c i d e n t  s t a t i s t i c a l  d a t a .  

T h e  i n c r e a s e d  p u b l i c  t r u s t  i n  n u m b c r s  o f  p a s s e n g e r s  
p e r  a i r c r a f t  m u l t i p l i e s  t h e  n e e d  a n d  i m p o r t a n c e  o f  
c r a s h  s u r v i v a l  i m p r o v e m e n t .  T h e  m u l t i p l i c d  r a m i f i c a -  
t i o n s  o f  e a c h  d c a t h  i s  f e l t  t h r o u g h o u t  t h e  s o c i e t y .  
T h e  c r a s h  o f  a s i n g l e  J u m b o - J e t  w i t h  500 t o  8 0 0  
p e o p l e  a b o a r d  may c o s t  $ 1 0 0 , 0 0 0 , 0 0 0  i f  h u l l  1 0 8 8 ,  

i n s u r a n c e  s u i t  c la ims  a n d  o t h e r  i n v o l v e d  p e r s o n a l  
l ~ s s e s  a n d  d8:cages  a r e  i n c l u d e d .  T h u s ,  i t  w n u l d  
a p p e a r  t h a t  a t  c o n s i d e : a b l y  l e s s  t h a n  o n e  p e r c e n t  
of t h i s  c o s t  a n  o p e r a t o r  m a y  wish t o  p r o v i d e  t h e  
m e a n s  t o  p r e v e n t  s u c h  a t o t a l  10813 a n d  i n c o r p o r a t e  
d e s i g n s  t h a t  w o u l d  l a v e  a l l  o r  m 0 8 t  of t h e  p a s s e n g e r .  
i f  n o t  t h e  t o t a l  a i r c r a f t .  

G e n e r a l  I n f l u e n c e 0  o n  A i r c r a f t  D e a i n q  
* -  . -  r l .  

.. F o r  S a f e t v  Improvement  . .  

A . f e w  of t h e  f a c t o r 8  i n f l u e n c i n g  d e s i g n  f o r  a c c i d e n t  ' 

s u r v i v a l  a r e :  

c 

'? 

1. Size of a i r c r a f t  ( sma l l  s i n g l e  e n g i n e  u p  to 
m u l t i - e n g i n e  j e t )  

1-1 
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2 ,  A p p l i c a t i o n  ( m i l i t a r y ,  p r i v a t e ,  a i r  c a r r i e r ,  
e x e c u t i v e ,  e t c . )  

3. h f a r k e t  d e m a n d s  ( o w n e r s ,  p a s 8 e n g e r s )  f -: 
'-* %.% 

5 .  C u r r e n t  u a e  r i s k  ( i n m u r a n c e ,  r e l i a b t l i t y )  - -  -.:&,+I* L 

. .? -&J-: 

W$J$ 

q%. ; 

4 .  C o a t  ( m a n u f a c t u r e ,  o p e r a t i o n ,  main tenance ,  
w e i g h t ,  e t c . )  - .  . . - .  x 

Z '  
. t  G e n e r a l  M e t h o d s  f or A i r c r a f t  S a f e t y  I a D r o v e e c n t g  e. J 

,<= 

C o r . c e p t s  f o r  t h e  i m p r o v e m e n t  o f  a i r c r a f t  a c c i d e n t  
s u r v i v a l  are d i v i d e d  i n t o  t h e  c ~ t e g o r l e s  o f :  

1. I n t e r n a l  f u s e l a g e  i m p r o v e m e n t s .  

2 .  E x t e r n a l  f u s e l a g e  r e c o v e r y  d e v i c e s .  

T h e  f i r s t  c a t e g o r y  c o n t a i n s  o c c u p a n t  r e s t r a i n t ,  p r o -  
t e c t i o n  a n d  e v a c u a t i o n ,  w h i l e  t h e  s e c o n d  c a t e g o r y  
c o n t a i n s  m e t h o d s  o f  a i r c r a f t  k i n e t i c  e n e r g y  r e d u c t i o n  
a n d  f i r e  s u p p r e s s i o n .  

1 n t  e r n a  1 F u s e l  a v e  l m p r o v e m c n  t s 

Work a t  t h e  C i v i l  A e r o m e d i c a l  R e s e a r c h  I n s t i t u t e  
( C A I i I )  h a s  b e e n  e x t e n s i v e  i n  d e f i n i n g  human b o d y  
i m p a c t  l i m i t s  a n d  i n j u r y  l e v e l s . 2  
c o m b i n e d  w i t h  t h a t  o f  t h e  a i r c r a f t  c r a s h  t e s t  d a t a  
o f  t h e  F l i g h t  S a f e t y  F o u n d a t i o n ,  l n c . 3 ,  p r o v i d e s  a n  
i n s i g l i t  i n t o  how a i r c r a f t  i n t e r i o r s  may b e  d e s i g n e d  
t o  i m p r o v e  c h a n g e s  for o c c u p a n t  m u r v l v a l .  A s  o u t -  
line2 i n  a summary o f  n o t e s  by 3 .  J .  Ceiiol14 a n d  
p u b l i s h e d  r e p o r t s  by A. H. Hambrook' ,  t h e  r a i n  
f a c t o r s  f o r  c r a s h  s u r v i v a l  may be l l m t e d  as:  - .- - - - 1 . 

*. P- ._- 
1. A i r c r a f t  c o c k p i t  a n d  c a b i n  c r a s h w o r t h i n e m s .  + -  ._ . ~ ~ .  
2. S e c u r e  meat t i e - d o w n  a n d  o c c u p a n t  restraint.. ..+* ~. 
3. Removal  of l e t h a l  o b j e c t s  and  s u r f a c e s  from the : 

4 .  S e c u r e  a t t a c h m e n t ,  o r  r e p o m i t i o n i n g  o f  p o t e n t i a l  . 

5 .  S u p p r c s s i o n  of Smoke a n d  f i r e .  
6 .  Q u i c k  r o u t e s  f o r  e v a c u a t i o n .  
7. P r o t e c t i o n  a g a i n s t  e x t e r n a l  e n v i r o n m e n t .  

T h i s  work, 

.,, ._ % 

... . ' 
3 -  

. .  

? .  

. -  h o c c u p a n t - i m p a c t  e n v e l o p e .  _ .  

l o o s e  masses o u t  of o c c u p a n t  p a t h .  

., . 

4 
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-I 

'-e 

. . .  

'-7 

. i  1-2 

I 



STESCEL AERO ENGINEER1 YG COHI'OHATION 

T h e  d e f i n i t i o n  o f  p r a c t i c a l  q u a n t i t a t i v e  v a l u e s  t o  
!ne t t  t ' i e s e  r e q u i r e m e n t s  i s  d i f f i c u l t ;  i n  some 
i n s t a n c e s  u n c e r t a i n ,  a n d  i n  o t h e r  i n e t n n c e s  d i s p u t e d .  
A i r c r a f t  m a n u f a c t u r e r s  h a v e  p o i n t e d  o u t  t h e  n e e d  
f o r  a c c i d e n t  s u r v i v a l  c r i t e r i a  t h a t  is o f  r i g o r o u m  
a r g u m e n t ,  b a s e d  o n  c l e a r  e v i d e n c e ,  a n d  of a q U a n t i t a z - - ,  

s. - - *  =.. 
t i v e  n a t u r e  f o r  d e e i g n  a n d  t e s t .  Q -._,.e : 

'. $ * 

A s u r v e y  o f  p e r s o n s  a n d  o r g a n i z a t i o n s  a c t i v e  in tbq-.,.t 
f i e l d  o f  c r a a h  s u r v i v a l  has  r e v e a l e d  e x t e n s i v e  atudg .c 

c f  f o r t  t o  i m p r o v e  o c c u p a n t  res t  r s i n t  a n d  p r o t e c t l o n ~ ~ ~  
f s o m  d a n g e r o u s  i n t e r i o r  o b j e c t s . -  T h i s  e f f o r t  to 
i m p r o v e  i n t e r i o r s  i e  a r e s u l t  o f ' f i n d i n g s  f r o m  many 
a c c i d e n t s  w h e r e i n  t h e  a i r c r a f t  c a b i n  h a s  r e m a i n e d  
a d e q u a t e l y  i n t a c t  w h i l e  t h e  o c c u p a n t s  h a v e  d i e d  o r  
w e r e  s e r i o u s l y  i n j u r e d  b e c a u s e  o f  smoke  o r  f i r e ,  
i n a d e q u a t e  s e n t  t i e - d o w n ,  s c ~ t  b e l t  r r s t r a i n t ,  o r  
i m n n c t  w i t h  l o c a l  h n r d  o b j e c t s  t h a t  h a d  b e e n  p l a c e d  
t o o  close f o r  c r a s h  s a f e t y .  T h u s ,  i n t e r i o r  s a f e t y  
i ? p r o v c m e n t s  h a v e  r c c e i v c d  e m p h a s i s  b y  v a r i o u s  i n -  
v c s t i g n t o r s  b e c a u s e  o f  t h e  o b v i o u s  n e e d ,  a n d  b e c a u s e  
o f  t h e  r e l a t i v c  ease  of i m p r o v i n g  i n t e r i o r  d e s i g n .  

1 

G e n e r a l  A v i a t i o n  e n c o u n t e r s  a b o u t  70% o f  i t s  f a t a l i -  
t i t s  i n - f l i g h t ,  a n d  f o r  t h e  m o s t  p a r t ,  n o  p r o v i s i o n  
c s i s t s  t h a t  w o u l d  a l l o w  t h e s e  o c c u p a n t s  t o  s u r v i v e .  
T h e  h i g h - s p e e d  u n c o n t r o l l e d  n a t u r e  o f  i n - f l i g h t  
a - s i d c n t s  m e n n s  t h a t  v e r y  l i t t l e  c a n  b e  d o n e  t o  t h e  
i n t e r n 2 1  c o c k p i t  and c a b i n  s t r u c t u r e  t o  r e a l l y  i m p r o v e  
t ; i e  c h a n c e s  oi s u r v i v a l  a t  i m p a c t .  S imi la r  c i r c u r n -  
s t a n c e s  e x i s t  f o r  c o m m e r c i a l  a i r  c a r r i e r s .  

B e f o r e  a s i g n i f i c a n t  i n - f l i g h t  e m e r g e n c y  m u r v i v a ' l  . t r . i .  
i m p r o v e m e n t  c a n  be a n t i c i p a t e d ,  t h e  v e l o c i t y  a n d  .>:7s.?. 
i m p a c t  a n g l e  c o n d i t i o n s  m u e t  be b r o u g h t  w i t h i n  t@e,e:3-::Li.2;:. 
r e g i o n  o f  a i r c r a f t  c r a e h w o r t h i n e s s .  T h i s  region :+-:.-:;'::.,. . 

i s  shown  i n  F i g u r e  1-1 as e s t i m a t e d  f r o m  a c t u a l  q k h ' - : . '  
e x p e r i e n c e s  a n d  c r a s h  t e s t  d a t a .  

A c r a s h w o r t h y  c o n d i t i o n  i s  o n e  i n  w h i c h  t h e  cockpit 
a n d / o r  c a b i n  a r e a 6  r e m a i n  r e a s o n a b l y  i n t a c t ,  a n d  t h u s ,  
p e r m i t s  t h e  w e l l  r e s t r a i n e d  a n d  p r o t e c t e d  o c c u p a n t s  
t o  s u r v i v e .  I n  many c a s e s ,  t h e  o n l y  p r a c t i c a l  way 
t o  b r i n g  t h e  a i r c r a f t  v e l o c i t y  w i t h i n  t h e  s u r v i v a b l e  

.:. 
> .. :., . 

. . . ;\.; . . *  * .-: k '.* . .? .: . .  
. . .  

' .. . 
: . ..,a. (. :, .. -. . -. 

'V 

. 

I 
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cr a s h  r e g i o n  is t o  a p p l y  a n  c x t c r n a l  f o r c e  t o  r e d u c e  
k i n e t i c  e n e r g y .  E x t e r n a l  r c c o v c r y  c o n c c p t e  a r e  
t h r r e f o r e  r e q u i r c d  i n  a d d i t i o n  t o  i n t e r n a l  i m p r o v e -  
i n c n t s  i f  t h e  m a j o r i t y  o f  f a t a l i t i e s  a r e  t o  b e  p r e v e n t e d .  

F i g u r c  1 - 2  s h o w s  a n  a p p r o x i m a t e  d i v i s i o n  o f  t i m e  a++il- 
a b l e  t o  e f f e c t  r e c o v e r y  d e p e n d e n t  u p o n  t h e  t y p e  of .--\' 
a i r c r a f t  e m e r g e n c y .  E x c e p t  f o r  c a e q  o f  e x p l o s i o n ,  . 
c o l l i s i o n  a n d  some t y p e s  of a t r u c t u $ a l  f a i l u r e s ,  ~ u f f i -  
c i e n t  t i m e  e x i s t s  t o  I n i t i a t e  some form of emergency  * 

r c c o v c r y  p r o c e d u r e s .  I n  a d d i t i o n  t o  t h e  n e e d  f o r  . 
s u f f i c i e n t  t i m e  t o  i m p l e m e n t  r e c o v e r y ,  s u f f i c i e n t  
a l t i t u d e  is r e q u i r e d  i n  o r d e r  t o  e f f e c t i v e l y  d e c r e a s e  
t h e  v e l o c i t y  b e f o r e  i m p a c t ,  R e c o v e r y  f r o m  a l t i t u d e s  
a s  l o w  a s  500 f t .  a p p e a r  p r a c t i c a l .  

A c h a r t  l i s t i n g  v a r i o u s  s u r v i v a l  i m p r o v e m e n t  c o n c e p t s  
a p p l i c a b l e  t o  t h e  v a r i o u s  f l i g h t  p h a s e s  is shown  i n  
F i g u r e  1 - 3 .  T h i s  c h a r t  i t e m i z e s  e a c h  c o n c e p t  f o r  
i m p r o v i n g  a c c i d e n t  s u r v i v a l  a n d  i n d i c a t e s  w h i c h  f l i g h t  
philse a s  w e l l  as  t h c  t y p e  o f  u s c r  t h a t  m i g h t  b e  most 
p r a c t i c a l l y  b e n e f i t e d .  T h o s c  c u r r e n t l y  c o n s i d e r e d  t o  
h a v e  p r a c t i c a l  p o t e n t i a l  a r e  i n d i c a t e d  i n  F i g u r e  1-3 
b y  a s o l i d  d o t .  

W h i l e  s a v i n g  l i f e  i s  o f  p r i m a r y  c o n c e r n  i n  a n  emer- 
g e n c y ,  t h e  a c t u a l  c o s t  of t h e  a i r c r a f t  h a s  some  
b e a r i n g  o n  w h e t h e r  or n o t  a p a r t i c u l a r  t y p e  o f  sur- 
v i v a l  m c t h o d  c a n  b e  a p p l i e d  a n d  made  e c o n o m i c a l l y  
p r a c t i c a l .  F i g u r e  1 - 4  s h o w s  a n  e s t ima te  o f  t h e  b a s i c  
p u r c i i a s c  p r i c c  o f  a n  a i r c r a f t .  T h i s  c o s t  is g i v e n  i n  
d o l l a r s  p e r  p o u n d  v e r s u s  c m p t y  w e i g h t . a n d  a p p r o x i m a t e s  
a t y p i c a l l y  e q u i p p e d  a i r c r a f t ,  I t  is p r o b a b l e  t h a t  
a d d e d  s a f e t y  d e v i c e s  s h o u l d  n o t  g r e a t l y  exceed t h e  
d o l l a r  p e r  p o u n d  v a l u e s  shown i n  F i g u r e  1-4 mince - -  - 
t h e s e  v a l u c s  a r e  c u r r e n t l y  e s t a b l i s h e d  a n d  accep t td  

. 

o n  t h e  a v i a t i o n  m a r k e t .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  g e n e r a l  a v i a t i o n  ,I . 
p i s t o n  e n g i n e  a i r c r a f t  shtew t h e  c o a t  p e r  pound t o  * '  

r i s e  in p r o p o r t i o n  t o  t h e i r  w e i g h t .  However ,  t h e  - '  . 
c o s t  p e r  p o u n d  f o r  j c t  ili r( r a f t  r e m a l n s  r e l a t i v e l y  
c o n s t a n t  r e g a r d l  ess o r  .)\ ei-.. 11 w e i g h t .  

- .. - . .- . . .  -_ .- , 

i - 4  
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S t a t e - o f - t h e - A r t  Concepts 

C o n c e p t s  f o r  i n t e r n a l  f u s e l a g e  s a f e t y  i m p r o v e m e n t s  
s u c h  as  s e a t - o c c u p a n t  r e s t r a i n t ,  a n d  e v a c u a t i o n  
d e v i c e s  h a v e  b e c o m e  a matter  o f  e x t e n s i v e  s t u d y .  
T h e  d e f i n i t i o n  o f  i n t e r n a l  c o n c c p t r  t h e r e f o r e  i a  . - + .  . 
c o n c e r n e d  more w i t h  d e f i n i n g  a n  i m p r o v e d  c r i t e r i a  -* <' 
f o r  p r e s e n t  m e t h o d s .  T h e  b o u n d a r y  of v e l o c i t y  a n d  :- -.. 
i m p a c t  a n g l e  a t  w h i c h  i n t e r n a l  f u s e l a g e  i m p r o v e m e n t # > .  
c o u l d  no  l o n g e r  b e  c o n s i d e r e d  e f f e c t i v e  is s h o w n  
by t h e  s h a d e d  p a r t  o f  F i g u r e  1-1. W i t h i n  t h i s  
s h a d e d  i n t e r f a c e  t h e  a i r c r a f t  s t r u c t u r e  c a n  n o  l o n g e r  
r e m a i n  i n t a c t  a n d  t o t a l  d e s t r u c t i o n  commences .  
(The g r a p h  as  p r e s e n t e d  a s s u m e s  a l e v e l  i m p a c t  s u r -  
f a c e  w i t h o u t  a i r c r a f t  y a u . )  S t a t i s t i c s  show a g r e a t  
p e r c e n t a g e  o f  f a t a l i t i e s  t o  o c c u r  i n  t h e  r e a l m  of 
t o t a l  a i r c r a f t  d e s t r u c t i o n .  ' r h u s ,  c o n c e p t s  a r e  
d e f i n i t e l y  n e e d e d  t h a t  c a n  be ~ p p l i e d  e x t e r n a l l y  t o  
b r i n g  t h e  a i r c r a f t  v e l o c i t y  a n d  f i i g h t  a n g l e  i n t o  
t h e  s u r v i v a b l e  b o u n d a r y .  (An a l t e r n a t e  s c h c m c  w o u l d  
b e  t o  r a i s e  t h e  c r a s h w o r t h i n e s s  b o u n d a r y  by s t r e n g t h -  
e n e d  s t r u c t u r e  a n d  i n t e r i o r ;  h o w e v e r ,  t h i s  p r o v e s  t o  
r ec ru i  re v e r y  l a r g e  w e i g h t  p e n a l  t i c s  c o m p a r e d  t o  
e x t e r n a l  r e c o v e r y  d e v i c e s . )  

.I 

T h e  f o l l o w i n g  a p p r o x i m a t e  t h e  s u r v i v a b l e  c r a s h  c o n -  
d i t i o n s  f o u n d  i n  some s u r v i v a b l e  t r a n s p o r t  c r a s h e s  i 

7 i n v e s t i g a t e d  b y  A v - r I H :  

1. 

2 .  

3. 

4 .  

5 .  

6. 

1 5 0  k n o t  i m p a c t  s p e e d  

1 5 O  n o s e  down ( p i t c h )  a n g l e  

30' y a w  a n g l e  t o  e i t h e r  s i d e  o f  t h e  l o n g i t u d i n a l  
a x i s  o f  t h e  a i r c r a f t  

A r e s u l t a n t  c r a a h  f o r c e  a n g l e  w i t h i n  a n  arc r . . - s t  

e x t e n d i n g  from 1 5 O  a b o v e ,  t o  4 5 O  b e l o w  t h e '  
l o n g i t u d i n a l  a i r c r a f t  a x i s  ( i n  t h e  v e r t i c a l  . 
p l a n e  a n d  p a r a l l e l  t o  t h e  l o n g i t u d i n a l  axis), 

. -  . *. - 

c _-- : 

A r o l l  a n g l e  of 30' t o  c i t h e r  s i d e  

I m p a c t  a g a i n s t ,  a n d  a d e c e l e r a t i o n  o n ,  a 
r e a s o n a b l y  l e v c l  t e r r a i n  h a v i n g  t h e  g e n c r a l  
d e n s i t y  o f  p l o w e d  g r o u n d .  
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C o n c e p t s  t o  b r i n g  a n  a i r c r a f t  w i t h i n  t h e  o u r v i v a b l e  
z o n e  i n c o r p o r a t e  m e t h o d s  t o  d e c r e a s e  f u s e l a g e  k i n e t i c  
e n e r g y .  As s e e n  by  t h e  c h a r t  o f  F i g u r e  1-3, t h e  
m c t h o d s  i n c l u d e  s u c h  d e v i c e s  as  d e s c e n t  p a r a c h u t e . ,  
r e t r o - r o c k e t a ,  d r o g u e s  a n d  c r a s h  ba r r i e r s .  Clomer:, .  
e x a m i n a t i o n  o f  F i g u r e  1-3 r e v e a l s  t h a t  t h e  oonc.ptF&ij'$;: 
f o r  s u r v i v a l  f a l l  i n t o  t h o s e  u s e f u l  f o r  t a k e - o i f  . .  +e':.;-,.,:.~:. 
a n d  l a n d i n g ,  a n d  t h o s e  u s e f u l  f o r  i n - f l i g h t .  fie-j?';2-..?'' ' ., .-;<- !. 
e x c e p t i o n  is s e a t  a n d  c a p s u l e  e j e c t i o n  m y a t e m s  'fehald;.;'+ 
u s e f u l  by t h e  m i l i t a , r y  for e s c a p e  i n  a l l  Bodes &:;:<-y*'.i 
a i r c r a f t  o p e r a t i o n s .  A s i m p l e  e j e c t i o n  seat  syst'ek;- . .  

m i g h t  b c  f o u n d  u s e f u l  i n  s m a l l  l o w  s p e e d  a i r c r a f t :  
However, n o s t  c i v i l i a n  a p p l i c e t i o n s  f o r  e j e c t i o n  
s c ; t s  c ~ u ! d  n o t  be e f f e c t i v e l y  i n s t a l l e d  a n d  w o u l d  
n o t  o u t - w e i g h  t h e  a d v a n t a g e s  t h a t  c o u l d  b e  accom-  
p l i s 3 c d  by r e c o v e r y  o f  a n  i n t a c t  a i r c r a f t / f u s c l a g e .  

.-9 , 

G c n ( . r . i I  l y ,  a c o m b i n a t i o n  of d i f f e r e n t  r e c o v e r y  
c ~ n c e p t s  i s  r e q u i r e d  t o  a c h i e v e  s u r v i v a l  o v e r  t h e  
e n t i r e  f l i i ; h t  c n v c l o p e .  For c x a n p l c . ,  t h e  small 
r l u a n t i t : ;  o f  s p e c i a l  g o v e r n : ; l e n t  o f f i c i a l  a i r c r a f t  a n d  
t : i e  c r i t i c a l  v a l u e  o f  t h e  o c c u p a n t s  m i g h t  p e r m i t  
( . i ; . ! b i n c d  c o n c e p t s  s u c h  a s  d c c c l e r a t i o n  r c t r o - r o c k e t s  
aj:d d c s c c n t  p a r a c h u t e s  t o  be a p p l i e d  t o  a n  e n t i r e  
a i r c r a f t  f u s e l a g e  t o  e f f e c t  r e c o v e r y .  T h i s  same 
c o n c e p t  a p p l  i e d  t o  c o m m e r c i a l  a i r  c a r r i e r  t r a n s p o r t s  
would r c q u i r e  much c l o s c r  s t u d y  s i n c c  t h e  e c o n o m i c s  
arc morc  c o m p l i c a t e d  a n d  m a r g i n a l .  T h u s ,  e v e n  
t h o u g h  thc a c c i d e n t  s u r v i v a l  c h a n c e s  w o u l d  b e  i m p r o v e d  
i n  b o t h  c a s e s ,  t h e  r e l a t i v e  e c o n o m i c  u t i l i t y  a n d  
i m p a c t  w o u l d  b e  a u c h  d i f f e r e n t .  

T h c  u s e  o f  o n l y  a d e s c e n t  p a r a c h u t e  t o  r e c o v e r  t h e  

o f  t h e  a i r c r a f t  d e c r e a s e s .  
of t h e  g e n e r a l  a v i a t i o n  a i r c r a f t  c o u l d  incorpora te?-  '-. 
a n  e m c r g c n c y  d e s c e n t  p a r a c h u t e  r e c o v e r y  m y s t e s  r t t , . + ' g A -  

a w e i g h t  i n c r e a s e  of l e s a  than 3 percent .  W h e r e  -"$-,:-:. 
s u f f i c i e n t  w a r n i n g  eximtm t h e  number of in-fllgh%'+:.$. 
p h a s e  f a t a l i t i e s  as w e l l  as  t h e  n u m b e r  of a i r c r a f t , ' ?  I 

d e s t r o y e d  s u b s e q u e n t  to i n - f l i g h t  e a e r g e n c l e s  could' 
bo r e d u c e d  b y  a s  much as  8 0  p e r c e n t .  

e " + .  . .b.rc a i r c r a f t  b e c o m e s  m o r e  p r a c t i c a :  a8 t h s  &gee - 

F o r  t h i n  r e a a o n ,  moat..;. -,'. 
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ACCIDENT SURVIVAL METHOD CHART 

I P€RSONAL PARACHUTES I I I I I 
COMMON EXIT EJECTOR 

(individual porochutor or pod) - 
FAST FUEL DUMP 

FUSELAGE AlTENUATOHS 
(Extrrnol dwicod 0 0 .  .- - 

0 0 .  0 

0 . 0 . .  

CRASH BARRIERS 
(At  olrportr only) 
INTERIOR CRASH P H o m  

0 CRASH CAPSULES 

'IN-FLIGHT \ / LANDING 

L. a SURVIVAL METHOD POSSIBLE BUT WITH PRACTICAL . RESERVATION , <' ;. ,- .* 

SURVIVAL METHOD WITH SIGNIFICANT SURVIVAL 1WROVEMENT . .  
SURVIVAL METHOD IMPROVEMENT WITHIN PRACTICAL COST 

P = PRIVATE GENERAL AVIATION 
C = COMMERCIAL AIR CARRIER 
M = MILITARY AIRCRAFT 

H = HELICOPTERS 
E * EXECUTIVE OFFICIALS 
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FIGURE 1-4 
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2 . 0  I N T E R N A L  TO FUSELAGE SURVIVAL IhlPROVEhlENT hiETHODS 

A survivable a i r c r a f t  accident  is c lass i f ied  a s  a c r a s h  in which 
tile cockpit and cabin rcnlain rclat ively wholc a f t c r  impact  even 
though a pos t - impac t  fire niight complr%tely des t roy  the  plane.  

Thc  in iprovcmcnt  of occupant sa fc ty  i n  a n  aircraft e m e r g e n c y  - 
can  be accompl ished  by dev ices  ex terna l  to the  a i r c r a f t ,  a#  &f, 
as by design changes  internal  to t h e  a i r c r a f t  cabin.  In t e rna l  a h g n  
improvemen t s  a r e  the  most d i r e c t  and immedia te ly  possible. '=&st 
of these  improverncnts  apply d i r ec t ly  t o  in t e rna l  occupant  fuhiklifiings 
such  as  s e a t s ,  r e s t r a in t  dev ices ,  toxic  g a s  protcct ion,  etc;, mnd - 
t h e r e f o r e  do not affect  p r i m a r y  a i r c r a f t  des ign  and manufacture .  

.. . 

Thca impro\-cmc!nt of occupant safcty can  niost  eas i ly  s t a r t  by a 
car t . ful  study of intcrnal  cahin fac tors .  
cons ider  f o r  physiological pro tcc t ion  in t c rna l  t o  the cabin are: 

Thc  p r i m a r y  f a c t o r s  t o  

1. Occupant r e s t r a i n t .  

2. Scat  a t tachment  and cnic'rgency 
design f c a t u r c s .  

3. Sin ok c , h cat , vi s i on- p ro t  (I c t i on, 

4. E\-acuation a s s i s t a n c e  devices .  

,cr at  dt,al of study and rr-'scarc!i h a s  a l r e a d y  bccn a tconip l i shcd  in  
k i i n > a n  physiology tliat is uscful  in thc  a rcas  l i s ted  aholc .  
ii:.fu rind t ion thc rciorc! cxi st s to ini t ia te  spccif  i c  i inproircment s 
and  esp lorc  prototypc designs.  

P r e l i m i n a r y  

SEAT DESIGN 

Onc of t h e  m o s t  immedia te  c o u r s e s  t o  improved  occupant  sa fe ty  
IS in t he  d i r ec t ion  of a i r c r a f t  scat design.  Seats may be improved 

. .  by gi\Ping des ign  attention to the foll-ing itcms: .. ,. 
.+  ,; 2 . 

1. Minimize  seat mass, pa r t i cu la r ly  e,. .' . 
. r  

J .  - - .  i n  uppcr  sca t  back. 

2. Avoid ha rd  s t r u c t u r e  exposed to 
body impact. 

,*.: 

' 1  ' 

. .  

f 

. ., . .  

3. U s c  duct i le  ene rgy  absorb ing  
m a t e r i a l s  for  p r in i a ry  s t ruc tu re .  

2- 1 
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4. 

5. 

6.  

7. 

8. 

9.  

10. 

P r o v i d e  enfolding s c a t  s t r u c t u r c  
f o r  occupant protect ion.  

P rov ide  c rushable ,  impac t  
a t tcnuat ion su r faces .  

. .  . .  L I n c r e a s e  f loor  a t tachment  s t rength.  
. . .  . . , e .  - . 

.I.-. ' .. ' .  
1. . *'? . . '2 , __ 

.., - '  - 
4. . .;.. . .. 

' . .  * - '  

Improve l a p  belt la tch  aga ins t  
acc identa l  releas e, _.I - . *  

r. .c ;. --*..:- . . . . :- *.< . . 
.1 .e. ., , 

. ' .+y.. :. 
P r o v i d e  emergency  use  upper  *.-. .  ~ 

t o r s o  and  head r e s t r a in t s .  

Build in sea t  safcty a ids  ( toxic  g a s ,  
hea t ,  v is ion,  dccomprcss ion) .  

Estcnd upper  s e a t  back above  
head lcvcl  f o r  ht-ad protcct ion.  

l - 1 ~ ~ ~  in tegral  p a r t s  of a pas sengc r  s e a t  t ie-down s y s t e m  a re  
the  lap bcl t ,  lap belt  anchoragc ,  s ca t  por t ions  which c a r r y  
safcty bel t  loads ,  scat anchorages  and the  f l o o r  s t ruc tu rc .  
F rcqucntly, iniprol-cmcnt  i s  nccdcd in thc  design and s t r eng th  
of t l i ~ * s r  coinponcnts.  
t o  accidental  r c l t ~ a s c .  ) Thc u s c  of duc t i le  s t r u c t u r e s  is 

(Bcl t  r e l c a s c s  a r e  oftcn v e r y  suskcpt ib lc  

important  s incc th i s  would allow dcfor ina t ions  precluding 
coniplctc s ca t  fa i lure .  . .  

.* > 
N'henevcr p rac t i ca l ,  p a s s e n g e r  s e a t s  should only be a t tached  
t o  onc s u r f a c e  siich a s  thc cabin floor.  Differing s u r f a c e  
at tach points  siich a s  wal l - f loor  s t r u c t u r c  often i m p o s e s  to r s ion  

' .A _ .  
.I 

on t h e  s ca t  t i c s  and r e s u l t s  in g r c a t c r  dcforniat ion damage.  
- 1  

- .  
- 3  -, :.- ' . \  ii 

Some t r a n s p o r t  aircraft have  seats which place the paerengyt 
i n  a backward facing posit ion.  With a n  af t - facing reat in 8 .  1% -',; 
c r a s h  s i tuat ion and p r e s e n t  wa i s t  type seat belts, the occupant It  ~ 

cg  is s i tuated at a point h igher  than  t h e  cg,of an occupant i$ a>a:'. 
forward-facing sea t .  Higher  m o m e n t s  would be genera ted  by &e 
higher  =.of t h e  aft-facing seat. 
m a y  be  expected in the  f loor  s t r u c t u r e  and  a t t achmen t s  in order 
to withstand the h igher  moment  fo rces .  However,  t he  improved  
full  body restrai1.t on forward- fac ing  seats would r e s u l t  in  similar 
higher  c.  g. conditions as  tha t  f o r  a n  af t - facing seat. 

. 1 ,* t .  9 . I. 
* i- 

.- 
. .  

For aft-facing seats a weight penal ty  

2-2  
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In c u r r e n t  s c a t s ,  par t icu lar ly  in genera l  aviation a i rc raf t , condi t ions  
ex is t  f o r  in jury  and lo s s  of l i fe  duc to  impact  with rigid s t ruc tu re .  
is known that 70% t o  80y0 of all genera l  aviat ion in ju r i e s  and dea ths  
in c r a s h  dece le ra t ions  a r e  f r o m  f a c e  o r  head in ju r i e s ,  o r  both, 
caused  by body flail ing.  
delethal izat ion of t he  cabin area as  wel l  a s  upper  t o r s o  r e s t r a i n t  
would cer ta in ly  d e c r e a s e  the  in jury  index in  surv ivable  c r a s h e s .  

? >  . 
Hard  cons t ruc t ion  should not be used  in areas of l ike ly  occupant 
contact  dur ing  impact .  A r e a s  w h e r e  f a c e  iinpact might  occur should 
b e  wel l  padded with a slow r e t u r n  ma te r i a l .  
s e rv ing  t r a y s  should be m a d e  of a m a t e r i a l  tha t  would deform 
and c o r t o u r  i tself  t o  the head and f a c e  a t  loads  less than 30 g , -  

( r c f e r c n c e  F i g u r e  9-4) .  
should be  el iminated.  

It 

Improved design incorpora t ing  

-- .. .A - 

%. Seat backs  and 
. 

Seat arm le tha l  c h a r a c t e r i s t i c s  

C..4. R,I.  Rcport  62-13 points  out the nccd f o r  adequate  seat 
t ie-down. 
the  s e a t  and occupant(s)  wcight a lone,  r c s u l t s  in a ve r t i ca l  
t ic-down s t r eng th  of l e s s  than 1000 pounds. 
inoincnts ,  and t h e  l egs  of the p a s s c n g c r s  sea ted  behind a gi*:c.n 
s ca t  m a y  impose  a lifting f o r c c  of 2 t o  5 t i m e s  g r e a t e r  magni tude 
than thc  t ie-down strength of tlic s c a t  in question. Thus,  t h e  
sea t  a t tachnicnts  m o r c  eas i ly  fract . lr i .  a:id t hc  saa t /occupsn t  
body bcconies  a lc tha l  mi s s i l e .  H c r e  aga in ,  tlic. ncc-ds fo r  s t r o n c e r  
attachments and suffictcnt padding in a r e a s  of bodily contact  
a r c  indicated.  

The  rcaquircnicnt f o r  a 2 g upward s t r eng th  based on 

Dynamic forcr-  

F i g u r e  2 - 2  shows iiiotion paths  of 5tli and 95th pe rcen t i l e  sub jec t s  
accc lc ra t cd  fo rward  ovcr  a t ight safcty Ijctlt. The su1)jccts w c r e  
d isp laced  by  a 1 g force  so the  m e a s u r e m c x t s  prcsentcd  n i k t  be 
cons idered  a s  minimum s t r i k e  d i s t anccs .  
of the head during these  t e s t s  cxcccded 12 ft. I s e c .  
c r a s h  conditions l a r g e r  magni tudes  of body niovemcnt  would be 
expectcd s ince  impac t  f o r c e s  would m o s t  l ikcly bc g r e a t e r  than  
1 g and the  pas sengc r ' s  scat be l t s  would probably be more 

The tangent ia l  veloci ty  
In  ac tua l  

' .  loosely fastened.  +$. *'. . i -- 
- -p .: - 
. . .*:* ' ._ I _  Bel ts ,  Shoulder H a r n e s s  
-\.- . 

Decelera t ion  t e s t s  have demons t r a t ed  tha t  a wel l  restrained man' 
in  good condition can to l c ra t c  c r a s h  forces as high as  35 g's. 
f o r c e  of th i s  magnitude would probably d e s t r o y  t h c  conventional 
a i r c r a f t  cockpit  and cabin. T h i s  d o e s  ind ica te  however  tha t  
people  should su rv ive  impac t s  w h c r e  the  s t r u c t u r e s  remain 
p r i m a r i l y  intact  s ince  such  a c r a s h  would be  within human tolerance.  

A 
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P r o p e r  bodily support  is requi red  f o r  su rv iva l  undc r  
c r a s h  conditions.  

Shuuldcr h a r n e s s e s  a r c  e s sen t i a l  t o  prevent  e x c e s s i v e  
hcad t rave l  and veloci ty  build up. 
es t imated  tha t  a pe r son  could l ive through a 30 to 50 g 
dccc lera t ion  t rans ien t .  T h e  u s e  of the shoulder  t ype  safety - - : - ‘ y  
bel t  would s a v e  m o s t  of those  who a re  at present ki l led or-:-’-.<:-; 

, : <zp. 
injured f r o m  t r a u m a  t o  t h e  head and  face only, and p e r h a p s  
many  o thers .  Thus,  development  of a simple s h o u l d e r - s t ~ t  ‘.: - 

-.,#, 2; ,, : 

Witl ;  a h a r n e s s ,  it is 
. . 

r e s t r a in t  would b e  worthwhile.  * ; 
. *% 2- . . .  

E 3 c r g y -Ab s orb  i n g Seat Dcvel opmc nt 

A l ight-weight,  high-strength s e a t  which is dcsigned t o  offer 
ina?:imui-i~ occupant comfor t  i s  shown in F i g u r e  2- I .  Energy  
absorpt ion is pro\:ided by mechanica l  a t t enua to r s  i n  f o r w a r d  
and ver t ica l  loadings. 

Tile scat  is designed f o r  t hc  following dynamic  load condition€: 
20 g vcr t ica l ,  20 g f o r e  and af t  \vilhin a 30° a r c  t o  e i the r  s i d e  
and 1 0  g la tc ra l .  This  s c a t  s t r cng th  i s  based  upon a n  occupant 
u c ~ i , ~ l i t  of 2 2 5  pounds. 

.A combi:iat ion r e s t r a in t  h a r n e s s  and mu1 ti  -d i  r ec t  ional locking 
incr t ia  rccl  s a r e  pro\.idcd. The r e s t r a i n t  h a r n e s s  is designcd 
to prcvcr, t  submar in ing  of the  s e a t  occupant upon experiencing 
sc\.ert. for*.t:ard c r a s h  dccc lcra t ions .  
disconnect f i t t ing h a s  been dcsigncd and included which a l lows  
f a s t  i i a rncss  r e l ease .  

A s ingle  point quick 

Scaat wcight is kept to a min imum through the  u s c  of a luminum 
honeycoi?ib coiistruction in all s t r u c t u r a l  pancls.  
and mounting t r a c k s ,  the  s e a t  wcighs approximate ly  35 pounds. 

S t ruc tu re  

T h e  f loor  s t r u c t u r e  needs  t o  be one of t h e  s t r o n g e s t  parts 

LCSS cushions 

f; 

the  fuse lage  f o r  adequate  seat at tachment .  & 

P 
T h e  overhead r a c k  s t r u c t u r e s  of t h e  commercial cabin rhould 
be dcsigned in  o r d c r  to r emove  t h e i r  l e tha l  characteristics. ..>‘ 
Britt l i . ,  or  h a r d ,  materials should not be used  in  cabin i n t e r i b r  
construct ion where  occupant contact is likely. 

. 

I ., 

. _  
-I 

. t  

* 
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Thc lowpcr fuse lage  s t ruc tu rc  should be designcd in o r d e r  
to  sufficiently r e s i s t  col lapse under  a wheels-up landing so 
tilat tlit. cabin f loor  and s c a t  a t tachments  would not be  
d c' s t 1-0). cd . 
The dcsign and u s e  of in te rna l  fuse lage  c r a s h  capsules  to  inc lose  
pcrsonncl  m a y  be a feasible  solution to  impact  a t tenuat ion f o r  
s o m e  exccutivc a i r c ra f t .  (Reference  F i g u r e  2-3) .  Such.crash 
capsules  could be installed in  executive he l i cop te r s  and 'r r;-' 

posscssi:ig high s t rength t o  weight r a t i o s  and l a r g e  f a c t o r 8  oi J 

safcty so as  to  remain  in tac t  upon impact .  F o r c e s  the h d h  1- 
body \vould fee l  could bc reduced by ex terna l  a t t enua to r s  and-' 
deformablc  sea t  s t r u c t u r e s  ins idc  of the  capsule.  The capsule  
niust  s c r \  e a s  a completc  in te r - fuse lage  s t r u c t u r e  with a l l  
slipport s)-stc.ms common to t!it. convcmtional a i r c r a f t  cabin. 

- " .~ t r anspor t s .  They would be  cons t ruc ted  f r o m  matSrials ,-%: .- 

In  a sur\-iva!>lc accident,  s t a t i s t i c s  indicate  that  pos t - impact  
f i r e  i s  t!ic Inost sc r ious  condition that p a s s e n g e r s  and c r e w  
must  cope with in  o rdc r  that  they might survivt..  
bct,n o \ ' e r  150 accidcnts  i:lvolving U. S. a i r  c a r r i c r s  that  w e r e  
cansed b y  o r  rcsultc-d in f i r e  during the  per iod ,  1955-1961. 
Only 57ru of t h c  4559 occupants i n  t l :csc  crashes surv ivrd .  
t l i t b  1 9 5 5  fatalities, 297 o r  1 5Tu \vert' dut. t ( J  f ir<. .  
ctsrtainly point out t he  need for m u r c  f i r t h  and snioke protec t ive  
dc>\.iccs f o r  the occupants.  
a r c  par t ly  outlincd by F i g u r e  9-5. 
u o r k  on iinprovtxi fuci ccl ls  and thickencd type iuc l s  a r c  a i m e d  
a t  rcducing thc f i r e  hazard.  

There have 

Of 
Thcse s t a t i s t i c s  

Hunian to l c ranccs  to t c m p c r a t u r e  
Cur rcn t  FAA and indiistry 

En7crgcnc) lighting in t he  cabin and cockpit sec t ions  should 
bc f a i l - s a f e ;  that  i s ,  thc  lighting should b e  m a d e  to  function 
autoniatically in a survivable  c r a s h  condition. 

T h r e e  p r i m a r y  objcctivcs a r e  being pursued  i n  o r d e r  that mote 
peoplc  might  evacuate  a n  a i r c r a f t  crash: 

. . .  
. -  . -J,. . 'F: 

v .  - *.\ -$ :* 
. . A -  

1. After  impact ,  there i e  the  need to i n c r e a s e  :.:. * -  -' - '  

surv iva l  t ime p r i o r  to evacuation b y  providinf' .  -' ' 

maximum pro tec t ion  f r o m  fire and fumes ~ . . ' 
fo r  pas senge r s  and crew.  

2. Survivor  mobili ty to  ex i t s  m u s t  be inc reased .  

2- 5 
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3. Occupant mo\ .emcnt  f r o m  the  c r a f t  t o  ground 
m u s t  bc m a d e  f a s t e r ,  e a s i e r ,  and  safcr. 

Sincc latt, in 1 9 ~ 1 ,  the  F A A  has  rcqui rcd  tha t  cmcrgency  evacuation 
dc.monstration t c s t s  be conducted by a l l  a i r  carr iers  f o r  aircraft 
with a scating capacity of 14 o r  n iore .  
p rob lcms  encountered in emergency  escape .  The  dcvelopment  . 
of a door-mounted inf la table  s l ide  h a s  r e su l t ed  from t h e  
dcmonst ra t ion  evacuation p rogram.  T h e s e  s l i d e s  a re  inflated-*: e-*' 

by simply pulling a release cable. T e s t s  have  shown tha t  the * - .  . 

seconds  of the  s t a r t  of evacuation. 

S. R. lvlohlcr and J. J. Suearingcn'" e s t i m a t e  tha t  poss ib ly  
0 1 1 ~  half of a l l  fa ta l i t i cs  occur r ing  annual ly  in  su rv ivab le  aircraft 
accid( .nts  cbuld bc preLentzd if a i r c r a f t  des ign  w a s  based  on 
conditions fo r  human t i s s u e  protect ion dur ing  impact .  T h e s e  
au tho r s  p r c  sent  thrccs pr inc ip les  f o r  dclcthal izat ion within the  
cockpit of ligiit a i r c r a f t :  

T h e s e  tests indica te  

e- . *- . . A _ /  

s l idcs  can b e  n iade  ready  for t h e  f i r e t  evacuee  u i t h i n  10 L: 

1. 

2.  

3. 

El imina te  a n d / o r  redes ign  cockpit  ob jcc ts  which 
can cause  puncture  wounds upon bodily impact .  

Dcsign and instal l  a r c s t r a i n t  s y s t e m  ( s e a t  bel t  
and shoulder  h a r n e s s )  which u.ill s e c u r e l y  hold a 
huinan body under  br icf  t r ans i en t  f o r c e s  as  high 
a s  25 g. The occupant s ea t  m u s t  be  dcsigned t o  
s tay  intact  at such fo rces .  

Design ins t rument  panels  and a l l  o the r  arcas 
of l ikely body contact so tha t  upon impac t  t he  
g r ca t  c's t amount  of dcf o rination and ina t e  r i a l  
r e a r r a n g e m e n t  would occur  in  the  s t r u c t u r e s  
and not in the  human body. 

I ^. .. 
F i g u r e  i - 2  shows t h e  n u m b e r  of in jury  areas for 800 s u r v i v o r r  3. 

- -: 
df l ight a i r c r a f t  c r a shes .  - 
hcad is mos t  in to le rab lc  to impact  and must be most adequately _- 
protected.  

F i g u r c  2-4 shows g- force  c u r v e s  obtained from catapul t ing 
a n  in s t  rumcnted dummy head aga ins t  a typ ica l  unprotccted l ight  
a i r c r a f t  i n s t rumcn t  panel. A s  noted, t he  lowes t  impac t  velocity 
produced a peak g value of ove r  160 g. 

This  da ta  points  out t h e  f a c t  t ha t  the 
.. 
.̂ . .  

The r igid pane l  did not 
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de fo rm s o  the hcad impacted the panel over a v e r y  s m a l l  
a r e a .  The forehead is the s t ronges t  p a r t  of t he  face ,  but 
accord ing  to  one study'. 
80 g on one s q u a r e  inch of a r e a  without f r ac tu re .  
a l l  impac t s  depicted in F igu re  2-4  would c a u s e  fatal 

it cannot withstand a f o r c e  of 
The re fo re ,  

head in ju r i e s  in a i r c r a f t  c r a shes .  c 
. .  L2 . . 4' 

_.  . 

* 

I 

I 

* 2-7 

. I (  

. e.. . -7; 



STESCEL AEHO ENGISEEHlNG COWORATION 

Aluminum h o n e y c o m b  i s  a n  e x t r e m e l y  e f f e c t i v e  m e c h a n i c a l  
cnc’rgy a b s o r b e r  a n d  i s  f i n d i n g  i n c r e a s i n g  u s e  i n  t h e  c o n t r o l  
o f  f o r c e s  e x e r t e d  o n  d e c e l e r a t i n g  o b j e c t s .  l1 Material8 m u c h , ,  - 
a s  s p o n g e ,  s o l i d  r u b b e r ,  cork, foams, a n d  p a p e r  wadding  *?-- %2 
g c n c L r a l l y  e x h i b i t  s p r i n g  c h a r a c t e r i s t i c 8  w i t h  t h e  a t t e n d n a g  .)$ 
r e b o u n d  p r o b l c i n .  Aluminum h o n e y c o m b ,  h o w e v e r ,  has t h e  unlquk ,-  :e p r o p e r t y  o f  f a i l i n g  a t  a c o n s t a n t  l o a d  w i t h  c o m p l e t e  dimniS-$., i . 1 ,  

p a t i o n  o f  e n e r g y  t h a t  w o u l d  o t h e r w i s e  be r e l e a s e d  i n  rebouhq.;. 
T h e  i n i t i a l  p e a k  a t  w h i c h  c o m p r e a s i v c  f a i l u r e  b e g i n m  c a n  .be , -:; 
e l i m i n a t e d  by  p r e - s t r e s s i n g  t h e  h o n c y c o m b  c o r e  t o  p r o d u c e . “ &  - 
s l i ~ h t  i n i t i a l  c o m p r e s s i v e  f a i l u r e .  When e x p o s c d  t o  f u r t h e r  
l o n d i n ~  t h c  p r e - s t r e s s e d  c o r e  p r o c e e d s  t o  c a r r y  t h e  c r u s h i n g  
l o a d  a t  D n c a r  l i n e a r  r a t e .  S u c h  c o n t r o l  a p p e a r s  v i t a l  in 
s L i f t . g u a r d i n g  human o c c u p a n t s  i n  i \ i  r c r a f t  c r a s h  c o n d i t i o n s .  
A s  a n  c x a ~ : p l e  o f  a l u m i n u m  h o n e y c o m b ’ s  a b i l i t y  t o  a t t e n u a t e  
hurn,tn i m p a c t  loads, c o n s i d e r  t h i s  r e p r c s c n t a t i v e  c a s e :  

%. 7.l 

’. 

‘ih i m 1 ) a c t i n g  mass i s  t h e  human h e a d  w i t h  a w e i g h t  o f  a b o u t  
t w c l v v  ( 1 2 )  p o u n d s .  A s s u m i n g  t h a t  t h e  o c c u p i e d  a i r c r a f t  
scat d o c s  n n t  f a i l  a t  t h e  f l o o r  a t t a c h  p o i n t s  a n d  t h a t  t h e  
o c . c u p a n t  i s  r e s t r a i n e d  by  a s c a t  b c l t ,  t h e  h e a d  c o u l d  be  
c s l ) c , l . t f . d  t o  i m p a c t  a f o r w a r d  s u r f a c e  ( i n s t r u m e n t  p a n e l ,  s e a t  
b ; i , : k ,  e t ( ’ . )  a t  a v r t l o c i t y  o f  o v e r  4 0  f t . / s e c .  [!rider t h e s e  
c . o n ! l i t i o n s ,  a j ~ i ~ r o s i m i i t c l y  320 f o o t - l b .  o f  k i . n e t i c  e n e r g y  w i l l  
b c  d i s s i p a t c ’ d  a t  h c a d  i m p a c t .  W i t h o u t  a y i e l d i n g  mater ia l  
to , t b s o i - h  t h i s  e n e r g y ,  d e a t h  i s  c e r t a i n .  H o w e v c r ,  c u r s o r y  
r . ~ l l ~ u l a t i o n s  i n d i c a t e  t h a t  s u c h  a n  i m p a c t  u p o n  a n  a l u m i n u m  
hon(y( .or r .b  ( 3 0 0 : :  a l u m i n u m ,  3 / 4  i n c h  c e l l  a n d ,  . 0 0 4  I n c h  
f o i l  g n g c j ’ ?  s e c t i o n  w i t h  a t h i c k n e s s  s o m e w h a t  o v e r  3 i n c h e s  
c o u l d  bc, t o l v r a t c d  by t h e  human h e a d .  

K i n t : t i c .  E n e r g y  at I m p a c t  = E, = & = ( 1 1 . 5 ) ( 4 2 1 2  = 320 i t , - l b ,  
2g 6 4 . 4  - . I _  

- - -  . ., .- 

T h e  r a t e  o f  d e c e l e r a t i o n  is a p p r o x i m a t e d  by: 

A = e  
. .  . . ,  . 2% :..*: :. ’ . - I . .  

I , ‘  . . 
I t  may t h e r e f o r e  b e  p r a c t i c a l  t o  p a d  a r eas  of l i k e l y  body 
c o n t a c t  i n  a l l  t y p e s  of a v i a t i o n  v e h i c l e s  w i t h  h o n e y c o m b  
or s i m i l a r  ma te r i a l  t o  i m p r o v e  s u r v i v a l .  

. -  

t 
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FIGURE 2-1 
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FIGURE 2-2 

RESTRAINED HUMAN IMPACT ENVEDPE 
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FIGURE 2-3 
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L: . o l.;XTEIiNAl, ’ID FL’SEIAGE SURVI VAL IBIYROVEMENT METHODS 

T h c  t y p i c a l  a i r c r a f t  f u s e l a g e  h a s  v e r y  l i m i t e d  p o t e n t i a l  
f o r  e n c r g y  a b s o r p t i o n  u p o n  i m p a c t .  T h e  v e l o c i t y  m U 8 t  

he r e d u c e d  t o  w i t h i n  t h e  l i m i t s  e x p r e s s c d  in F i g u r e  1-1 
i f  i n t e r n a l  s u r v i v a l  i m p r o v e m e n t s  a r e  t o  b e  of a n y  v a l u e .  

I n  t h e  k i n e t i c  e n e r g y  e q u a t i o n  (E = &riV2), it $a  q8 
t h a t  a r e d u c t i o n  i n  v e l o G l t y  a n d / o r  mass * I l l  r e d u  
the  i m p a c t  e n c r g y .  S e v e r a l  c a n c e p t s  are  d e e m e d  p r  
c a l  f o r  r e d u c i n g  a i r c r a f t  ‘ m a s s ” - h n d / o r  v e l o c i t y  befo 
a n t i c i p a t e d  c r a s h .  H o w e v e r ,  v e l o c i t y  r e d u c t i o n  i s**4  
f a r  t h e  m o s t  e f f e c t i v e  a n d  n e c e s l r a r y  l e a n s  to r e d u c e .  
i m p a  c t e n e  r g  y . 
T h c r e  a r c  g e n e r a l l y  three m c t h o d s  t o  e x t e r n a l l y  r e d u c e  
i i i r c r a f t  v e l o c i t y .  T h e y  a r e :  T h e  u s e  o f  a d r o g u e  
p a r a c h u t e  n e a r  o r  o n  t h e  g r o u n d :  t h e  u s e  o f  r e t r o -  
r o c k e t s ,  a n d / o r  t h e  u s c  o f  o d e s c c n t - r e c o v e r y  p a r a c h u t e  
f r u n  i n - f  1 i g h t .  

.- 

,-, 

I n - F l i a h t  R e c o v e r v  

‘.‘or i n - f l i g h t  r e c o v e r y ,  a i r c r a f t  r e c o v e r y  . p a r a c h u t e s  
w o u l d  b e  d e p l o y e d  a t  t h c  t i m e  o f  a n  u n c o n t r o l l a b l e  a i r -  
c r a f t  d e s c e n t .  I f  i t  were p o s s i b l e ,  r a p i d  e j e c t i o n  o f  
t h e  f u e l  w o u l d  a i d  i n  o r d e r  t o  d e c r e a s e  w e i g h t  a s  w e l l  
a s  t o  l e s s e n  t h e  f i r e  h a z a r d  u p o n  u l t i m a t e  i m p a r t .  A i r -  
c r a f t  m a s s  c o u l d  a l s o  b e  d e c r e a s e d  by  w i n g  a n d  e m p e n n a g e  
s c v e r e n c c .  The  p r a c t i c a l i t y  of s u c h  s e v e r c n c e s  r e q u i r e s  
f u r t h e r  s t u d y .  

R e t r o - r o c k e t  d e c e l c r n t i o n  n e a r  t h e  g r o u n d  o r  a c o m b i n a -  
t i o n  o f  a p a r a c h u t e / r e t r o - r o c k e t  s y s t e m  r e p r e s e n t  o t h e r  
f e a s i b l e  i n - f l i g h t  s u r v i v a l  c o n c e p t s .  A g a i n ,  w e i g h t  * 

d e c r e a s e  b e f o r e  i m p a c t  w o u l d  b e  a n  i m p o r t a n t  c r i t e r i a ;  k.. 

I f  i t  were n o t  p r a c t i c a l  to mave t h e  complete occu 
s e c t i o n s  of d i s a b l e d  a i r c r a f t  then i n d i v i d u a l  -re-co 
m e a n s  w o u l d  b e  in o r d e r .  T h e r e  ‘would be t h e  need 
e j e c t  s i n g l e  o c c u p a n t e  or g r o u p s  of o c c u p a n t .  free 
c l e a r  o f  t h e  a i r c r a f t .  P r o t e c t i v e  c l o t h i n g  or co8plet.a 
e n c a p s u l a t i o n  w o u l d  b e  r e q u i r e d  BO t h a t  e v e r y  I n d i v i d u a l  
c o u l d  s u r v i v e  t h e  e n v i r o n m e n t  o u t s i d e  of t h e  a i r c r a f t .  
P a r a c h u t e s  or o t h e r  t y p e s  o f  d e c c l c r a t o r s  w o u l d  d e l i v e r  
t h e  s u r v i v o r s  s a f e l y  t o  t h e  g r o u n d .  I n d i v i d u a l  e j e c t i o n  
b e c o m e s  i n c r c a s i n g l y  d i f f i c u l t  a n d  less p r a c t i c a l  as t h e  
n u m b e r  of p a s s e n g e r 6  i n  a g i v e n  a i r c r a f t  i n c r e a s e .  

. -  - -  . . .  
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Some t . r i i s h e s  r e s u l t  f r o m  f a i l u r e  o f  t h e  a i r c r a f t  p r i o r  
t o  l i f t - o f f  o r  d u r i n g  i t s  l a n d i n g  r o l l .  A d r o g u e  p a r a -  
c h u t e  f o r  d e c e l e r a t i o n  w o u l d  be e f f e c t i v e  iR s u c h  condi-L-.,. 
t i o n s .  T h e  d e p l o y m e n t  of a d r o g u e  p a r a c h u t e  c o u l d  'be% :..$- 
u s v d  w h i c h  i m p o s e s  a f o r c e  o f  a b o u t  lg upon t h e  plafi$?qii-<g. 

. . _- .& - .;-. s t r u v t u r c  v i  t h o u t  t h e  n e e d  f o r  s t r u c t u r a l  s t r e n g t h  .:!,,,-;:.::: = 
increases o n  c u r r e n t  a i r c r a f t .  The dece le ra t lve  f~r.q-y.,~.-'; 
of t h c  d r o g u e ,  p l u s  reverse  p o w e r  . a n d  b r a k i n g ,  would'.:* .I L , + r * ?  +-:-.--. 
m a k e  a n y  i m p a c t  l e s s  s e v e r e  a n d  p r o b a b l y  the a i r c r a f t  '..-:f. . A  4 .  

c o u l d  e v e n  he s t o p p e d  w i t h i n  r u n w a y  l i m i t s .  C u r r e n t -  ~ . ::: . -  

a i r ( ' r i * f t  b r a k e s ,  a n d  r c v c r s e  t h r u s t i n g  c a n  o n l y  p r o v i d e  
a frat-tion o f  t h e  d c c e l e r a t i v e  f o r c e  t h a t  c a n  b e  p r o v i d e d  
b y  '3 d r o g u c  p a r a ~ l i u t e .  

i\i r p o r t  c m c r g c n c . y  c r a s h  b a r r i e r s  p r o v i d c  a n o t h e r  p o s i t i v e  
m e r t n s  f o r  the' r e d u c t i o n  o f  f a t a l  a c c i d e n t s  i n  $ h e  t a k e -  
off . ~ n d  l a n d i n g  p11; i sc  o f  ~ p c r a t i o n . ~  V a r i o u s  " r e s e a r c h  
has s l i o w n  t h a t  b o t h  t a i l  h o o k  a n d  ncxt a r r e s t i n g  m o a n s  
a r c  f t ' a s i b l c  a n d  p o s s i b l e  f o r  p r i v a t e ,  c o m m e r c i a l  a n d  
m i l i t < i r y  t r a n s p o r t  a i r c r a f t .  ' r h r  a p p l i c a t i o n  o f  t h i s  
t c . (  hnirluc.  w o u l d  p r o b , t b l y  bc m o r c  p r a r t i c a l  a t  m a j o r  a i r -  
p o r t s  h , i v i n g  h e a v y  t r a f f i c .  

Tlic I n n d i n g  p h a s e  o f  o p e r a t i o n  a c c . o u n t c d  f o r  5 0 %  of a l l  
I '.s. A i r  C ' i r r i c r  a c c i d e n t s  i n  t h e  1 9 6 0 - 1 9 6 4  p e r i o d .  A 
s i m i l a r  s t , i t i s t i ~  e x i s t s  f o r  I' .S.  g r ' n c r a l  a v i a t i o n  in 
l ' r G . 3 .  T h r  s c v c r i t y  of a d v c r s c  l a n d i n g  c o n d i t i o n s  c o u l d  
b c  l c s s c a n e d  by t h e  d r o g u e  c o n c e p t  o r  < * r a s h  b a r r i e r  c o n -  
( r a p t  m c n t i o n t . d  f o r  t a k e - o f f  a n d  l a n d i n g  a c c i d e n t  
s u r v i v , i l .  H c d c s i g n  f o r  b o t h  a i r c r a f t  a n d  r u n w a y  m a y  be  
r c q u i r c d  for c r a s h  b a r r i e r s  t o  be f u n c t i o n a l  w h i l e  only 
a i r c r a f t  r e - w o r k  w o u l d  be  a n t i c i p a t e d  f o r  t h e  i n s t a l l a t i o n  
o f  3 d e c c ? c r z t i c n  p a r a c h u t e ,  The drogue chute technique 
w o u l d  p r o b a b l y  p r o v e  t o  be t h e  more u s e f u l  a n d  flexible' - * . ?  m e t h o d  s i n c e  d c p l o y m e n t  o f  a d r o g u e  could be made at ~ . ,  

2 ,  $. a n y  p l a c e  a n d  i s  n o t  r e s t r i c t e d  t o  a i r p o r t  areas; r.=f,Lcs 

F r o m  1 9 6 0  t o  1 9 6 4 ,  t a k c - o f f  craclhes a c c o u n t e d  for nearly:. 
1 4 %  o f  a l l  a c c i d e n t s  a n d  a b o u t  2 5 2  of a l l  f a t a l i t i c 8  in 

o n c - h a l f  o f  a l l  a c c i d e n t s  a n d  15% of t h e  t o t a l  d e a t h s .  

. .  

. -  
U.S. commcrc ia l  a v i a t i o n .  L a n d i n g  a c c i d e n t s  r e p r e s e n t  I ,  

I n  gc incr i i l  a v i a t i o n  f o r  a n y  g i v e n  y e a r ,  a p p r o x i m a t e l y  
6 0 %  o f  a l l  a c l . i d c n t s  o c c u r  d u r i n g  t h e  t a k e - o f f  a n d  
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l a n d i n g  p h a s e s  o f  o p e r a t i o n .  T h e s e  s t a t i s t i c a l  d a t a  
s h o w  t h a t  t h e  l a n d i n g  a n d  t a k e - o f f  o p e r a t i o n a l  p h a s e s ,  
a l t h o u g h  h a v i n g  f e w c r  f a t a l i t i e s ,  a r c  by f a r  t h c  most 
f r c q u r ’ n t  f o r m  o f  a c c i d e n t .  A r u n w a y  l e v e l  a c c i d e n t  m a y  
r e s u l t  f r o m  many a n d  v a r i o u s  c a u s e s ;  h o w e v e r ,  t h e  c a u s e s  
a n d  r e s u l t s  d i s c u s s e d  h e r e  will be c o n f i n e d  t o  t h e  Cnse , 

o f  a n  a i r c r a f t  o v e r r u n n i n g  t h e  h a r d - s u r f a c e d  r u n w a y ;  ....-*. 
T a b l e  1 l i s t s  p o s s i b l e  c a u s e s  a n d  r e s u l t s  of a n  a i r c ra f t  
o v e r s h o o t  . -’ e:*- ’ 

?. i 
. .& , . 

.- i . 
- <  

.- 
.. ’ -. , .  -. . . -  TABI,E I 

CAL‘SES FOH OVERSHOOT POSSl BLE RESULTS 

1 .  Overshoot o f  t o u c h d o w n  1.  Loss o f  d i r e c t i o n a l  
p o i n t  c o n t r o l ,  l e a d i n g  

t o  i m p a c t  w i t h  n a t u r a l  

t r e e s ,  e t c . )  o r  man- 
2 .  Extessive t o u c h d o w n  s p e e d  ( w a t e r ,  u n e v e n  t e r r a i n ,  

3 .  F a i l u r e  o f  r e v e r s e  t h r u s t  made  s t r u c t u r e s .  
a n d / o r  b r a k e s  

2 .  Human i n j u r y  a n d / o r  
4 .  Wet r u n w a y  ( h y d r o - p l a n i n g )  a i r c r a f t  d a m a g e  a n d  

c * o n d i t i o n s  w i t h  a l l  a v a i l -  f i r e .  
a b l v  r e v e r s e  p o w e r  a n d  
b r a k i n g  3. E n t r a p m e n t  o f  p a s s e n -  

.i g c r s  a n d  crew d u e  t o  
5 .  A b o r t e d  t a k e - o f 5  b e c a u s e  s t  r u c t u r c  d i s t o r t  i o n  -. , 

of  it  s y s t e m  m a l f u n c t i o n  u p o n  impac3t .  
* . *  

F o r  o v e r r u n n i n g  c o n d i t i o n s ,  shown t o  be s t a t i s t i c a l l y  
s i g n i f i c a n t  i n  F i g u r e  3 - 7 ,  i t  is e v i d e n t  t h a t  some a d d i -  

r u n w a v  r o l l  is n e c e s s a r y .  An e m c r g c n c y  d r o g u e  p a r a c h u t e  
s y s t e m  p r o v i d e s  a n  a l r e a d y  p r o v e n  s o l u t i o n .  1 

4 
DROGUE PAHACHUTE CONCEPT 

N a r r a t i v e  

T h e  u s e  o f  a p a r a c h u t e  a s  a n  a u x i l i a r y  a i r c r a f t  brake - - 
d u r i n g  a p p r o a c h ,  t o u c h - d o w n ,  a n d  g r o u n d  roll is a tried 
a n d  p r o v e n  c v n c c p t .  T h e  h i s t o r y  o f  t h i s  d e c c l e r a t i v c  
m e a n s  d a t c A s  b a c k  t o  1823, ( A S D - T f i - 6 1 - 5 7 9 ) .  

t i o n a l  m e a n s  f o r  d c c c l e r a t i n g  a n  a i r c r a f t  d u r i n g  its $ 
Y - _  - 

- .  

. :’ 
. -  
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Tlic d c v c l o p m c n t  of t h e  h i g h - s p c c d  J e t  a i r c r a f t  b r o u g h t  
a b o u t  t h e  m o s t  i m p o r t a n t  u s e  f o r  d e c e l e r a t i o n  p a r a c h u t e s .  
T h e  h i g h  w i n g  l o a d i n g s  of a j e t  p o w e r e d  a i r c r a f t  n e c e s s i -  
t i i t ( ?  h i g h  l a n d i n g  v e l o c i t i e s  w h i c h  r e s u l t  i n  l o n g  r o l l - .  
o u t  d i s t i i n c e s .  T h e  d e p l o y m e n t  of a p a r a c h u t e  n e a r  o 
t h e  t i m e  of t o u c h - d o w n  h a s  p r o v e n  t o  be a v e r y  e f f i  
m c a n s  f o r  m i l i t a r y  j e t  a i r c r a f t  d e c e l e r a t i o n  w h e t h e  
b e  a n  e m e r g e n c y  o r  s t a n d a r d  p r o c e d u r e .  Commerc ia l  a@, 
p r i v . a t e  a i r c r a f t  a r e  c u r r e n t l y  s t r u c t u r e d  s u c h  that .t 
c o u l d  b e  f i t t e d  w i t h  d r o g u e  p a r a c h u t e  s y s t e m s  fo,r d 
e r a t i o n  a s s i s t a n c e  i n  l a n d i n g  a n d  a b o r t e d  t a k e - o f f  
c m e r g c , n c i c s .  

JIany o v r r s h o o t  a c c i d e n t s  c o u l d  be p r e v e n t e d  i n  V . S .  
( .omrncr( . i ; t l  a v i a t i o n  b y  t h c  u s e  o f  il d r o g u e  p a r a c h u t e .  
O n c  c ~ s a m p l c i  i s  p r o v i d e d  b y  t h e  o v c r s h o o t  o f  a C o n t i n c b n t a l  
A i r  l J i n v s ,  I n ( . . ,  B o c i n g  $ 0 7  a t  t h e  K a n s a s  C i t y ,  310.. 
i i i r p o r t  on 1 i u l y  1 0 6 5 .  T h c  CAB a c c i d e n t  r e p o r t '  s t a t e s  
t l l i i t  t l i c  i ~ i r ( . r a f t  m,ide a f i r m  l a n d i n g  i n  h e a v y  r a i n  1 0 5 0  
f e e t  1:iist t h e  approach e n d  o f  t h e  7000 f o o t  l o n g  r u n w a y  
1 8 .  T11c. f l i g h t  r e c o r d e r  s h o v r d  a t o u c h - d o w n  v e l o c i t y  of 
1 . 3 ;  L I A S  ( 2 3 2  f t . / s c ( . . ) .  T h c  l a n d i n g  w e i g h t  was u n d e r  
the. 1 ' 1 u  1 i S  , 0 0 0  p o u n d  maximum gross w e i g h t  l a n d i n g  
r ( , s t i . i c : t i o n .  T h v  i n v r s t i g a t i o n  r c v c a l e d  n o  e v i d e n c e  
o f  p r v - i m l J i l ( . t  f i i i  l u r e  or d i s c r r p a n c y  i n  t h e  t i r e s ,  
b r d k ~ s ,  o r  a n t i - s k i d  s y s t e m .  T h e  F M  B o a r d  c o n c l u d e d  
t i i ; i t  t h e  p l a n e  w a s  i n  safe c o n d i t i o n  a n d  t h e  c r e w  q u a l i -  
f i e d  t o  p ~ r f o r m  t h c  l a n d i n g  a t  t h e  K a n s a s  C i t y  A i r p o r t .  
J" . t ,  bc'c.;lus(? o f  h y d r o p l a n i n g  o f  t h c  l a n d i n g  g e a r  w h e e l s ,  
t!Ic a p l ' l i c d  b r a k i n g  f o r c e  p l u s  maximum r e v e r s e  t h r u s t  w a s  
i n c f f e c t u i t l  a n d  t h e  a i r c r a f t  o v c r s h o t  the r u n w a y  a t  a n  
estimated 39 K I f i S .  C a l c u l a t i o n s  s h o w  t h a t  t h e  a i r c r a f t  
ncec led  n p p r o s i m a t e l y  7000 f e e t  of r o l l - o u t  d i s t a n c e  t o  
come t o  a c o m p l e t e  s t o p .  A t o t a l  of 5 p e o p l e  r e c e i v e d  : 

o i l n o r  i n j u r i e s .  A i r c r a f t  d a m a g e  w a s  s u b s t a n t i a l ,  b u t  n 
m a j o r  f i r c  o c c u r r e d  a f t e r  t h e  p l a n e  i m p a c t e d  a n d  pa 
t h r o u g h  t h e  11,s l o c a l i z e r  a n t e n n a  b u i l d i n g ,  o t r u c k  
d i r t  b l a s t  mound,  s l i d  u p  o v e r  t h e  mound,  a n d  final 
s t o p p e d  w i t h  t h e  n o s e  s e c t i o n  i n  t h e  pe r ime te r . road  
b e t w e e n  t h e  b l a s t  mound a n d  8 river l e v e e .  , ' T h i n  adcldhSt.;.. ' 
c o u l d  h a v e  b e e n  s i m p l y  p r e v e n t e d  i f  an e m e r g e n c y  drogue:<:;: 
m e a n s  o f  d c c c - l e r a t i o n  h a d  b e c n  a v a i l a b l e .  

. .  
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A c o m p u t r r  p r o g r a m  h a s  b e e n  w r i t t e n  a n d  is u s e d  i n  t h i s  
s t u d y  t o  a p p r o x i m a t e  t h e  g r o u n d  r o l l  d e c e l e r a t i o n  of a n  
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; i i r . ( . r ; ~ f t .  i j i r c r a f t  r e s i s t a n c e  i s  r e p r e s e n t e d  i n  t e rms  
o f  ~ 1 1 ~ ~ ~ 1  b r a k i n g ,  r eve r se  p o w e r ,  r o l l l n g  f r i c t i o n ,  a n d  
i ~ o r o d v n a n i i ~ .  d r a g .  Ttie p r o g r a m  p r i n t s  o u t  d a t a  o n  t i m e ,  
par; tc .hutc  d r a g ,  a i r c r a f t  a c c e l e r a t i o n ,  v e l o c i t y ,  d i e -  
t i i n ( . c ,  a n d  y a w  a n g l e .  A i r c r a f t  s t o p p i n g  c o n d i t i o n  
('ompa r e d  b o t  11 w i  t h a n d  w i t h o u t  d r o g u e  p a r  
n n c c .  .. 
AS!Il.Y'TI CNA RESULTS 

. ,  

F i g u r e s  3-1 & 2-2 p r e s e n t  d a t a  r c d u ' c t ? d . f r o n  
l)iIri ic!hute p r o g r a m .  T h e  f i r s t  o f  t h e 6 e  f i  
i n i t i a l  d r o g u e  p a r a c h u t e  g - f o r c e  n e c e s o a r  
i ~ i r ( : r a f t  i n  a g i v e n  d i s t a n c e  f o r  v a r i o u s  r e s i s t a n c e  .. -~ 

c o n d i t i o n s  ( r e p r e s e n t e d  by r e s i s t a n c e  c o e f f i c i e n t  "K"). 
T!]t, rc.su1 t s  shown a r e  r e p r e s e n t a t i v e  f o r  t h e  l a n d i n g  
t . o n d i t i o n s  o f  a lK'-8 or B o e i n g  707 t y p e  a i r c r a f t .  For  
t h c  i * u r v e  l a b c l c d  k i - O , O S  ( w e t  r u n w a y  h y d r o p l a n i n g  w i t h  
r c v c r s e  t ! i r u s t )  a n d  w i t h  zero i n i t i a l  d r o g u e  f o r v e ,  t h e  
t r i i n s p o r t  w o u l d  come t o  a s t o p  a t  a b o u t  7000 f e e t  o f  
r o l l - o u t  d i s t a n c e  - t h e  same d i s t a n c e  t h a t  w o u l d  h a v e  
b c c n  r e c l u i r e d  i n  t h e  C o n t i n e n t a l  a c c i d e n t  p r e v i o u s l y  
d i s c u s s e d .  H o w e v c r ,  t h e  a i r c r a f t  c o u l d  h a v e  b e e n  s t o p p e d  
i n  i t s  n o r m a l  d i s t a n c e  ( a b o u t  2 8 0 0  f t . )  f r o m  t o u c h - d o w n  
i f  a n  i n i t i a l  d r o g u e  p a r a c h u t e  f o r c e  of o n l y  0 . 5  g h a d  
b e e n  available. F i g u r e : M  f u r t h e r  s h o w s  t h a t  s u c h  a 
t r a n s p o r t  c o u l d  bc? s a f e l y  s t o p p e d  at a d i s t a n c e  of l ess  
t h a n  3 0 0 0  f e e t  for a w o r s t  C R S C ?  c o n d i t i o n  of h = O . O l  . 

( n o  b r a k c s  / r e v e r s e  t h r u s t  f a i l u r e )  w i t h  a n  i n i t i a l  
droguca f o r c e  of 1 . 0  g .  

. . .  

8 

Figurc : ' -2s ! iows  an e s t i m a t e  o f  v e l o c i t y  v e r s u s  t i m e  f o r  a 
D o p i n g  7 0 i  t y p e  a i r c r a f t ' s  r o l l - o u t  a f t e r  l a n d i n g .  
C ' u r v e ( 1 )  c l e a r l y  s h o w s  t h e  b e n e f i c i a l  e f f e c t  o f  a d r o g u e  
p a r a c h u t ~ .  T h e  v e l o c i t y  d e c a y  is m o s t  r a p i d  in t h e  _ -  
f i r s t  f e w  s e c o n d s  a i  t e r  l a n d i n g  8lnce t h e  drag  .foF 
t h e  p a r a c h u t e  Is d i r e c t l y  p r o p o r t i o n a l  t q . t h e  ;qua 
t h e  v e l o c i t y .  As t h e  a i r c r a f t  - v e l o c i t j  decayn,'yu 
a s s u m e s  a more g r a d u a l  .lope a n d - t h e  parachute  f&r 
d e c r e a s e s  more slowly. A compar i son  0 2  y u r v e e  (1) 
a 1 g d r o g u e  w i t h  no r eve r se  t h r u 8 t  o r  b r a k e s  a n d  
( 3 )  ( n o r m a l  l a n d i n g - n o  d r o g u e )  reveals  t h a t  t h e i e ' r o u l d  
b e  v e r y  l i t t l e ,  I f  a n y ,  d i f f e r e n c e  b e t w e e n - $ h e  = t o p p i n g  - 
t imcs  o r  d i s t a n c e s  o f  t h e  t w o  c o n d l t i o n s .  

- .  

.... ._ e: 

.C 

- '_ .-, 

F i g u r e s  3-1 E* .3-2 a n d  c u r v e s  (3) a n d  ( 4 )  s h o w  t h a t  w i t h o u t  
b r a k i n g  o r  r e v e r s e  t h r u s t ,  c o n d i t i o n s  a r e  u n s a f e  f o r  
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t r a n s l i o r t  a i r c i . i i f t  l a n d i n g .  T h c  v c l o c . i t y  d e c r e a s e s  t o o  
s l o w l y  w i t h  t i n i t . ,  a n d  t h c  c r a f t  w o u l d  p r o b a b l y  e x c e e d  
t h v  a v ; i i l a b l r !  r u n w a y  l e n g t h .  

F i g u r e s  31k  3-2 r e p r e s e n t  o n l y  l a n d i n g  c o n d i t i o n s  f o r  
o n e  a i r c r , i f t  t y p e .  H o w e v e r ,  f r o m  t h i s  e x a m p l e ,  i t  is 3 - - .  
a p p a r e n t  t h a t  a d r o g u e  d e c e l e r a t i o n  p a r a c h u t e  v o u l d  ai80--  
o f f c r  much a s s i s t a n c e  i n  a b o r t e d  l a n d i n g  a n d / o r  t a k e - , .  

A i i * ( . r n f t  ; , c ~ i r l c n t s  t h a t  a r e  a r e s u l t  o f  m i d - a i r  explosion 
01.  c ’ o l l i s i o n  a r c  G s u a l l y  w i t h o u t  w a r n i n g .  B e c a u s e  o f  t h i e ’  . 
1 ; i t . k  o f  w i i r n i n g  t i m e ,  t hc?  crew a n d  p a s s e n g e r s  c a n  d o  
vc . i . v  1 i t t  I C  t o w a r d  p r o t c d i n g  t h e m s c l v c s  t o  s u r v i v e  t h e  
i ~ ( . c i d t a n t .  On t h c  o t h e r  h a n d ,  when a n  a i r c r a f t  a c c i d e n t  
i s  a r c ! s u l t  o f  a f i r e ,  a i r  t u r b u 1 e n c . e .  e n g i n e .  f a i l u r c J ,  
s t r u t  t u r n 1  a n d / o r  c o n t r o l  f a i l u r e ,  or o t h e r  e q u i p m e n t  
m , i I  f u n ~ . t i o n  t h c A r c  i s  u s u a l l y  s u f f i c i c n t  t i m e  a n d  a l t i t u d e  
a n d  il g o o d  c h a n c e  t h a t  t h e  c rew a n d  p a s s e n g e r s  c o u l d  
~ ) c - i . f o i * m  s o m c x  c . o r r c - c t i v e  a c . t i o n .  I n  t h e s e  a i r c r a f t  
, i ( ’ r . i t i ~ n t s  t h r  o ( . c . u p a n t s  c o u l d  b e  p r o t e c t e d  a n d  c o u l d  
p r c ~ l ) i ~ r e  t h t ~ m s c l v a s  f o r  i m p a c t  i f  b c t t c r  a n d  new s u r v i v a l  
t ( ac l in i c lues  w c r c  e m p l o y e d .  A t  l e a s t  h a l f  o f  t h e  18 m a j o r  
; : i r  c , i r r i c r  f a t a l  a c * c i d e n t s  i n  t h e  p e r i o d  f rom 1 9 6 2  

- -  

._ 

.:. 
t l i i . u u g l i  l!lc74 ( i n c l u d e s  o v e r  00% of t h e  f a t a l i t i e s )  h a d  ym 

s u f l i c . i e n t  t i m e  a n d  a l t i t u d e  t o  a p p l y  a n  e m e r g e n c y  ,.< 

r e f . o \ . t % i * y  s y s t e m  for s u r v i v a l .  The i n t e r n a l  p r o t e c t i v e  

cst t :rnal  r r c ’ o v c r y  m e t h o d s  f o r  r e d u c i n g  c r a s h  i m p a c t  
v c l o ( . i t y  w v u l d  c e r t a i n l y  i m p r o v e  t h e  chances  of s u r v i v a l .  
S c v c i * i ~ l  a v e n u e s  a r e  o p r n  f o r  s u r v i v a l  i m p r o v e m e n t  b y  

i . 
t t . c . t i n i c l u ( : s  p r c s c n t e d  i n  S e c t i o n  2.0 c o u p l e d  w i t h  y.; 

.a 

gcnc: r i i l  a v i a t i o n ,  F i g u r e  6 - 4 ,  a n d  m i . 1  i t a r y  transpo-rt_,+,,  *,’ 
aviation show t h a t  t h e  m a j o r i t y  o f  a i r c r a f t  f a t a l . i t i @ 8  . ,  ’ .? 

.? 

7 
-9 

u s i n g  c x t e r n a l  r e c o v e r y  s y s t e m s .  . .% 
. 

- ,  - .  .a . 
A c c i d e n t  s t a t i s t i c s  f o r  conmctrcial  a v i a t i o n ,  F i p u r r ’ ~ ~ ~ ~ L ,  ,:.ji-;.. - -  

, .:1 

r e s u l t  f r o m  a c c i d e n t s  w h i c h  o c c u r  d u r i n g  t h e  e n r o u t e .  .* -. 

v c c u p a n t s  i n  t h c s c  f l i g h t  p h a s c s  a rc  + i g n i f i c a n t .  ~ 

, _  * p h a s c  o f  o p e r a t i o n .  T h u g ,  i r p r o v c d  m*.ans of p r o t c c t i  

D u r i n g  the f i v e - y e a r  p e r i o d  ( 1 9 6 0 - 1 9 E 4 )  r e p o r t e d  by ’ 

Figure, 5 - 7 ,  o v e r  h a l f  o f  t h c  f a t . i l j t i 1 . s  6 9 %  f o r  U.S. 
A i r  C a r r i e r s  w e r e  p r e c i p i t a t e d  b y  i n - f l i g h t  f a i l u r e s .  _ .  

I n  1 9 6 3  alone., o v e r  2 0 0  d c a t h s  w c r t ’  c i u s c d  b p  t h e  e n r o u t c  
~ n i  l u r e s  of g c s n c r a l  a v i a t i o n  a i r c . r ; i f t  ( r e f e r e n c e  F i g u r e  6 - 4 . )  

. .  

... . .  . . , . . .  .,. 

b 
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T h e r e  w e r e  1 6 4 2  f a t a l i t i e s  d u r i n g  t h e  p e r i o d  f r o m  1960 
t h r o u g h  1 9 6 4  as a r c s u l t  of 6 4  f a t a l  a c c i d e n t s .  T h e s e  
f a t a l i t i c s  were d i s t r i b u t e d  i n  c a t e g o r i e s  as s h o w n  in 
F i g u r e  5 - 7 ,  a n d  may b e  f u r t h e r  s u m m a r i z e d  a s  follows: t - . T '. - 

. .  i 

.. 
P e r c e n t  of P e r c e n t  o f  all - -Percent of 
all a c c i d e n t s  f a t a l  R c c i d e n t e  all f a t a  LltleQ 

Take-off a n d  
I n i t i a l  c l i m b  

E n r o u  t c 

A p p r o a c h  a n d  
L n n d i  n g  

1 4  

2 G  

5 0  

5 0  2 5  

4 5  

30 

60 

1 5  

I t  i s  c v i d c n t  t h a t  e n r o u t e  a c c i d e n t s  a c c o u n t  f o r  t h e  g r e a t e s t  
n u m b e r  o f  f a t a l  a c c i d e n t s ,  a n d  t h a t  e a c h  o f  t h e s e  i n  t u r n  
r c s u l t  i n  a g r c a t e r  n u m b e r  o f  p e r s o n s  k i l l e d .  

... . . .  
r C  
A .  , .,< 

8. 

i 

-i 
-. 

-. . . .  
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STLNCEI, AERO LKiINEEl~ING UOl~lQKATION 

HEPRESENTATI VE LX ST OF W J O H  FATAL AI It CAltHI ER ACCI DENTS 
FHOhI 1 9 6 2  t o  l r ) G 4 *  

T y p e  
Date A i r c r a f t  

3 - 1 - 6 2  7 0 7  

:\-L':.,-c,? L-10.19 

6-2-63 x - 7 c  

12-8-63 7 0 7  

Number 
K i l l e d  

9 5  

1 0 7  

4 5  

38 

1 7  

8 

4 3  

101 

81 

5 8  

S u f f i -  
T y p e  of A c c i d e n t  r ; <i.i ea t 

?llrroina . :. ..a ~ . . 
*! ", j 

*:* ... . *.:' i'. . .- 
i n i t i a l  c l i m b ,  1600 ,:;?cy@ 

9- . . .  
4. -e - 1 .  

f t .  a l t . ,  c o n t r o l  
s y s t e m  m a l  f u n c t i o n  . -  . - .  

i n  f l i g h t ,  mid-air n o  
explosion, c n r o u t e  

i n  f l i g h t ,  d y n a -  n o  
m i t e  c x p l o s i o n  a t  
3 9 , 0 0 0  ft. 

i n  f l i g h t ,  e n g i n e  
f i r c ,  d i t c h e d  i n t o  
sea 

Y @ S  

Yea i n  f l i g h t ,  h i t  b i r d s  
a t  6000 f t . ,  loss o f  
c o n t r o l  

a p p r o a c h  k go a r o u n d ,  ? 
i c i n g ,  l o s s  of p i t c h  
c o n t  ro 1 

i n  f l i g h t ,  1 7 , 5 0 0  f t .  7 
break-up, c a u s e  u n -  
known .. . . 

i n  f l i g h t ,  14,000 f t . , - .  
d e b r i 8  i n  ocean ,  c a u a  
unknown . . .  

in f l i g h t ,  5 0 0 0  ft., . . . ; -yes '  . 

i n  f l a m e s  

. .  

s u d d e n  f i r e ,  c r a s h e d  -. . ' 

i n  f l i g h t ,  loss o f  Y e s  
s t n b i  l i  t y  c o n t r o l  
i n  t u r b u l e n c e  

# . . I  
* .. I 

.. 

' 1  . -  

I: : 
-? , .  



. .  
Suffi- . .  

Number c i e n t  . -:.L.- . 5  T y p e  
- .  . - , .7  

1'* 
Dn t P A i  r ( :ra f  t K i l l e d  T Y D C  o f  A c c i d e n t  W a r n i n K  

3-1:-',4 K-3 5 a p p r o a c h ,  d e s c e n t  (10 
i-. :a- :' 

3 . .  

- .  - 2.'. . . i -., . below o b s t r u c t i n g  . .  , -  

t e r r a i n ,  . .  

5 - 7 - 6 4  F-27 4 4  i h  f l i g h t ,  p i l o t  
shot .by p a s o e n g e r ,  
l o e s  o f  c o n t r o l .  

2 9  

3 

- .  
- t  , . c. -=. 

* i t  

' . -? 
o f  c o n t r o l  - -2 

-:%! 
. e: 
.-._ :* 

. -  ; - ~ - c ; & I  V - i 4 ~  30 i n i t i a l  a p p r o a c h ,  . yea e_  

fire a b o a r d ,  loss ,-, 

% .  

-< - 
.2 

p r e m a t u r e  d e s c e n t  no 
h i t  t e r r a i n  - .  

*.. 
a p p  r o i t c  h , 
t e r r a i n ,  b a d  
v i s i b i l i t y  

h i t 

,...:i:# 

* . i ' i i i s  is i t  p a r t i a l  list of' a c c i d c - n t s  r c p r a s c ' n t i n g  90% of t h e  :: .;..a 
i i I  t ' i  d t . n t  f a t i 1  I i tics from 1 9 6 2  t h r o u g h  1 9 6 4 .  

A ~ * c , v i c w  o f  the- a c c i d e n t  l i s t  p r c s c n t c s d  s h o w s  t h a t  h a l f  of 
th(> f < l t ; l I  i n - f l i g h t  n c c i d c n t s  o c c u r r e d  w i t h  s u f f i c i e n t  
a !  t i  t u f l r -  ; ind t i m c !  t o  e m p l o y  a n  a i r c r a f t  emergency e x t e r n a l  
I * ~ - < - O V I , I - ~  s y s t e m  a s  wc.1 1 as i n t e r n a l  s u r v i v a l  d e v i c e s .  
l , : . t(>~.:i ,~ 1 r c ( : o v c . r y  m e t h o d s  w o u l d  b e  e s s e n t i a l  f o r  s u r v i  
i n  t i i c s c  cases. From 5 0 %  t o  7 0 %  of t h e  fatalities i n  theme 
; ~ ~ . ( . i d ~ . n t S  ( 9 6 2  t o  5 1 4  of t h e  732 f a t a l i t i e s  l i s t e d )  ni 
h a v e  h ~ c n  p r ~ ' v c . n t e d  w i t h  t h e  a i d  of e x t e r n a l ,  r e c o v e r y  
m c  t ho d s . 

, . \  ' 

. .  . .  . '  
. .  

i. rjr 

: 7. ;y*' 
'1-  ..,Ai 

. .  

-. - .  
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O c c u D a n t  t R e c o v c r v  F r o m  U n c o n t r o l l a b l e  A i r c r a i  

. A l t h o u g h  t h e  r e c o v e r y  o f  a s m a l l  a i r c r a f t  s o l e l y  b y  
p a r a c h u t e  a p p e a r s  p r a c t i c a l ,  t h e  r e c o v e r y  o f  a n  e n t i r e  
l a r g e  t r a n s p o r t  a i r c r a f t  8 o l e l y  by p a r a c h u t e  d o e g  not 
a p p e a r  p r a c t i c a l  b e c a u s e  o f  I n h e r e n t l y  g r ea t e r  propor- 
t i o n s  of f u e l  a n d  s t r u c t u r e  w e i g h t ,  a n d  bmcauee'ok.+e I 

l e n g t h y  s i z e  o f  t h e  p a r a c h u t e  8 y 8 t e r  r e q u i r e d .  
p a r a c h u t e  s y s t e m s  f o r  heavy . p a y l o a d 8  become too.Ied#fby 
i n  s i z e  a n d  t a k e  t o o  much t ime f o r  d e p l o y m e n t  t.0 

a i r c r a f t  r e c o v e r y  from low a l t i t u d e r .  

A i r c r a f t  s p e e d ,  a l t f i u d e ,  a t t i t u d e  a n d  s i n k  r a t e  &e t h e  
p r i m a r y  p a r a m e t e r s  to b e  c o n s i d e r e d  v h e n  d e s i g n i n g  8 . 
m i d - a i r  r e c o v e r y  system. I t  is l i k e l y  t h a t  o n e  o r  
m o r e  o f  t h e s e  v a r i a b l e s  w i l l  b e  s u c h  t h a t  t h e  p i l o t ' s  
a t t e m p t s  t o  c o n t r o l  t h e  d e s c e n d i n g  c r a f t  w o u l d  be 
u n s u c c e s s f u l .  A s t a b i l i z i n g  s y s t e m  w o u l d  t h e r e f o r e  
b c  n e c e s s a r y  t o  a c c o m p l i s h  t w o  n e c e s s i t i e s :  (1) m a i n t a i n  
t h e   raft i n  a n  a t t i t u d e  c o n d u c i v e  t o  o c c u p a n t  e m c a p e ;  
( 2 )  slow t h e  d e s c e n t  v e l o c i t y  o f  t h e  d i s a b l e d  c r a f t  so 
t h a t  s a f e  e s c a p e  a n d  r e c o v e r y  o f  a l l  o c c u p a n t s  may b e  
b c t t e r  c o n t r o l l e d .  

.@i.a&u< - 

. .  .. 
a .  

> -  

I 

F i g , J r e  1 -3  l i s t s  t h e  f i r s t  t h r e e  p r o p o s e d  I n - f l i g h t  
s u r v i v a l  m e t h o d s  as d e s c e n t  p a r a c h u t e ,  r e t r o - r o c k e t s  
a n d  r e t r p - r o c k e t s  p l u s  s t a b i l i z a t i o n  c h u t e .  I t  I 8  
n o t e d  t h a t  a n y  a p p e n d a g e  s e v e r o n c e  w o u l d  be o p t i o n a l .  
i i o w e v c r ,  some  s e c t i o n a l  s e v e r e n c e  w o u l d  p r o b a b l y  be ' d e 8 i r e d  
so t h a t  t h e  r e c o v e r y  s y s t e m  c o u l d  h a v e  a minimum 
w e i g h t  a n d  f u n c t i o n  s p e e d i l y .  

A common e x i t  e j e c t o r  is l i s t e d  as a s u r v i v a l  mode f o r  
i n d i v i d u a l  r e c o v e r y  f r o m  d i s a b l e d  a i r c r a f t .  W i t h  t h l e  
m c t h o d  a l l  o c c u p a n t s  v o u l d  h a v e  t o  l eave  t h e i r  .eat8 , 

a n d  move t o  a p r e - a o s i g n e d  e x i t .  In p a a m i n g  t h e  e x i t . . ' .  
a r e a ,  t h e y  w o u l d  h a v e  t o  be r a p i d l y  f i t t e d  w i t h  I -sh.z3.?.- 
p r o t e c t i v e  g a r m e n t s  o r  p e r h a p s  c o m p l e t e l y  c n c a p 8 u l r t A d ? .  

1 .. 3 b '  

If t h e  s y s t e m  were d c 8 i g n e d  f o r  I n d i v i d u a l  
e a c h  o c c u p a n t  v o u l d  r e c e i v e  a p a r a c h u t e  o r  
d e c e l e r a t , > r ,  e x i t  the a i r c ra f t ,  d e s c e n d  to 
u n d e r  a d e c c l e r a t i v c  f o r c e ,  a n d  I m p a c t  a n d  
a c c o r d i n g  t o  i n d i v i d u a l  a b i l i t y .  

'5-10 
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STENCEL AERO ENGINEERING CORWRATION 

A common e x i t  e j e c t o r  s u r v i v a l  c o n c e p t  i s  c a t e g o r i z e d  8 8  

i n f e a s i b l e  w i t h  more t h a n  a f e w  p e r s o n s  b e c a u s e  of t h e  
t i m e  a n d  d i f f i c u l t y  f o r  e a c h  o c c u p a n t  t o  move from h i 8  
s e a t  t o  t h e  a s s i g n e d  e x i t ,  t o  s a y  n o t h i n g  of t h e  
e n v i r o n m e n t a l  p r o b l e m s  f a c e d  a l o n e  o n c e  a w a y  from t h e  
a i r c r a f t .  O f t e n  times t h e  v i o l e n t  a i r c r a f t  m o t l o a 8  w o u l d  
p r e v e n t  c o n t r o l l e d  p a s s e n g e r  m o v e m e n t .  

.. - -. I. * 
I n t a c t  f u s e l a g e  m e t h o d s  h o l d  m o r e  p r o m i m e  f o r  o c c u p a n t ,  
m i d - a i r  r e c o v e r y .  E a c h  p e r s o n  w o u l d  r ema in  seatsd, ' -  

s e c u r e l y  r e s t r a i n e d  b y  8 a f e t y  b e l t . ,  b o t h  res t  and . &  

s h o u l d e r .  W i t h  p a s s e n g e r s  i n  t h e i r  meat., t h e r e  k u l d  
be l e s s  i n j u r y  a n d  p a n i c  t h a n  i f  t h e y  were r e q u i r e d  to 
move t o w a r d  a n  e x i t  b e f o r e  e s c a p e .  O n e  p r o p o s e d  e r o u p  
o c c u p a n t  r e c o v e r y  s y s t e m ,  shown  i n  F i g u r e  3-3, w o u l d  
f u n c t i o n  i n  much t h e  same way as  p r e s e n t  c a r g o  a i r d r o p  
s y s t e m s .  The e s c a p e  o p e r a t i o n  w o u l d  be t o  s e v e r  o r  
m e c h a n i c a l l y  d i s c o n n e c t  t h e  e m p e n n a g e  s e c t i o n  a n d  p u l l  
i t  f r e e  a n d  c l e a r d t k m a l n  s t r u c t u r e .  The a f t  m o v i n g  
t a i l  s e c t i o n  p u l l s  an e x t r a c t i o n  c h u t e  o u t  w h e r e u p o n  
t h e  e x t r a c t o r  i n f l a t e s  a n d  p r o d u c e s  t h e  n e c e s s a r y  
e x t r a c t i o n  f o r c e  o n  t h e  c a p s u l e .  The c a p s u l e  is 
t h e n  u n l o c k e d  a n d  e x t r a c t e d  f r o m  t h e  f u s e l a g e .  O n c e  
c l e a r ,  t h e  l o a d  t r a n s f e r  d i s c o n n e c t  o p e r a t e s  and 
r e c o v c r y  p a r a c h u t e s  a r e  d e p l o y e d  a n d  i n f l a t e d  t o  
p r o v i d e  e q u i l i b r i u m  d e s c e n t  o f  t h e  p a s s e n g e r  s e c t i o n .  
S u c h  a s y s t e m  is f c a s i b l e  a t  minimum a l t i t u d e s  of 
500 t o  1000 f e e t .  

- "  . 1 .  *. . ,. . . .  
. t ' i  . *-- 

I. -, 

;?'.e . . 

F i g u r e  3-4  s h o w s  a m e t h o d  i n  w h i c h  n s m a l l  a i r c r a f t  
i s  r e c o v e r e d  i n t a c t .  

A t  t e n u a t  o re 

T h e r e  a r e  t h r e e  g e n e r a l  m e t h o d s  by w h i c h  g r o u n d - i m p a c t  
s h o c k  f o r c e s  c a n  be r e d u c e d :  (1) s h o c k  a t t e n u a t i o n  by 
g r o u n d  p e n e t r a t i o n  s p i k e s ;  ( 2 )  a h o c k  a t t e n u a t i o n  w i t h o u t  
p e n e t r a t i o n  by c r u s h a b l e  s t r u c t u r e . ;  (3) p r e - c o n t a c t  _ _  
r e t a r d a t i o n  by r o c k e t s .  A l t h o u g h  t h e  t h r e e  m e t h o d 8  . 
e m p l o y  d i s t i n c t l y  d i f f e r e n t  d e v i c e . ,  they a l l  a a t i m f y  ' 

t h e  m a i n  o b j e c t i v e  of a # h o c k - a t t e n u a t i o n  s y s t e m : '  t o ' . . ' .  
r e d u c e  v e l o c i t y  a t  i m p a c t  in a m o r e  g r a d u a l  a n d  con- 
t r o l l e d  m a n n e r .  D e p e n d i n g  o n  t h e  f r a g i l i t y  of t h e  l o a d ,  
t h e s e  d e v i c e s  m u s t  c a n t r o l  t h e  rise t i m e  a n d  t h e  mag- 
n i t u d e  o f  t h e  i m p o s c d  f o r c e  d u r i n g  d e c e l e r a t i o n .  An 
a d d e d  r e q u i r e m e n t  f o r  t b t t  l a n d i n g - d e c e l e r a t i o n  a y s t e m  
i s  t h e  p r e v e n t i c n  c f  t ; ~ p l i n g  of  t h e  l oad  d u r i n g  o r  
a f t e r  t h e  d e c e l e r a t  on  1 . h a s e .  F i g u r e  3-5  I l l u s t r a t e s  t h e  
r e c o v e r y  o f  a n  i n t a c  t r i i n s p o r t  f u s e l a g e  b y  m e a n s  o f  
a p a r a c h u t e / r c t r o - r o  e t  c o m b i n a t i o n .  

. -  1 1  

_. - . ,. 
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Tlic o v c r n 1 1  wcxig~ i t  of a n y  r e c o v e r y  s y s t c m  i s  m a i n l y  
dcp.c.ndcnt u p o n  the' p a y l o a d  w e i g h t  t o  be r e c o v e r e d  a n d  
the, i m p a c t  v e l o c i t y  t h a t  c a n  b e  t o l e r a t e d .  T h e  depen- 
d c n c - c  o f  r e c o v e r y  s y s t e m  w e i g h t  o n  v e l o c i t y  is s h o w n  I 

i n  F i g u r e  3 - e .  A s s u i n i n g  t h e  p a y l o a d  t o  h a v e  some + , ~ *  
i n h i s r e n t  s t r u c t u r a l  a t t e n u a t i o n ,  i t  is estimate# thit . .%=+;.  
4 0  f t , / s c c ,  i m p a c t  v e l o c i t y  would be tolerable to‘seate.d??c; 
o c c u p a n t s .  I t  is f u r t h e r  s h o w n  t h a t  a 40  f t . / s e c .  ‘ . - ; u  ’d 
i m p a c t  v e l o c i t y  c a n  be  provided a t  o n l y  24% to 3% of G r  ---. 
t h e  p a y l o a d  w e i g h t ,  b u t  t h a t  t h e  recovery 8ySterO w e i g h t  .. 
r c r ! u i r c d  goes u p  s h a r p l y  i f  l ower  i m p a c t  v e l o c i t i e s  arc ; .  
d e s i  1’cti. 

I+. * 
I d  ~ 

S n , l l I  a i r c r i i f t  s u c h  as t h o s e  used by  g e n e r a l  a v i a t i o n  
~ ‘ i ! n  br; rt1l.ovc\rc‘d i n t a c t .  H O W C V C ~ ,  l a r g e  t r n n s p o r t  air- 
( . i * i ~ f  t !)( i n g  v e r y  hc ; tvy  w o u l d  r e q u i  r c  I a r g c  u n w i e l d y  
p i l ~ - . ~ ( . ~ ~ u t c ~ s  Tor r c ’ c o v c r y .  F o r  t h i s  r e a s o n ,  t r a n s p o r t  
a i ’ r a f t m ii  y r 
to i t [ . ( . o rnp l  i s h  r c a s o n a b l c  compacitnchss.  . I n  a d d i t i o n ,  t h e  
a i . t u , i l  w c ~ i g h t  r e c o v e r i d  m a y  bc  rcduc.c.d: c o n s i d e r a b l y  b y  
s o ~ v r a n : . ~  o f  a p p c n d a g c - s  a n d  r c b c o v e r y  of t h c  f u s e l a g e  
o r i l y ;  or- by  e x t r i i c t i o n  of a c a b i n  l n t c r i o r  t o  t h e  f u s c -  
I n g r ,  Weight s a v i n j i s  p o s s i b l c  i n  th i s  manncqr itre shown 
i n  F i g u r r  i-7, T h u s ,  a t r a n s p o r t  r r ~ c o v c r y  s y s t e m  m a y  
w r ’ i g h  an : ;wh t~rc  f r o m  9% to 2% o f  t h c  e m p t y  a i r c r a f t  
w( . ig l i t  d ( - p c i n d c n t  o n  t h e  r c c o v c r y  c o n c e p t .  

u i r (: r c t r o  - ro 1% k c t / p A rit c hu t (? c o m b  i n a t i o n  R 
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STF?;CEL AERO ENGINEERING CORPORATION 

4.0 STRUCTURAL FACTORS 

The  F e d e r a l  A i r  Regulations (F.A.R.) provide a n  ex tens ive  
guidc t o  d i r c r a f t  s t ruc tu ra l  r equ i r cmen t s  thdt  m u s t  be m c t  by 
the manufdcturerz .  
a i r c r a f t  and  a r e  presented  in  p a t s  as  they would apply to ?-*:. : 
specif ic  types  of a i rc rdf t .  
a r e :  F.A.R. P a r t  23, Airwor th iness  Standards: Normal, $- 
Utili ty,  and  Acrobat ic  Category A i r p l m e - ;  a n d  F.A.R. P a h  . ,: 
25; Airwor th iness  Standard>;  T r a n s p o r t  Category  Airplanes', . 
Many o the r  Ai rwor th iness  S t a n h r d s  ex is t ,  alt!iough they  have 
not been immediately applied to th i s  study. 

These  regula t ions  apply to all civi l ian 

T h e  p a r t s  of conce rn  to t h i s  sktdy 

h l : L ~ ~ u f ; ~ c t u r c r s  c i i r rent ly  u s e  the  F. A. R. rcqairc:rrents for 
o c c u p a n t  seat ing r e s t r s i n t  h s  iiiteiidcd io meet emcrgency  landing 
condi:ions. 
r c q a i r e m c n t s  f o r  loads  a r e  (Ytritically applied): 

A s  outlined in Part 25, Section 25.561 ; t h e  des ign  

Upward 2.0 g 
F o r w a r d  9.0 g 
Sidcwdrd 1 . 5 g 
Downward 4.5. g 

(rissuliiing ;I 170 lb. occupant) 

The s&:iiic v J u e s  a p p l y  to sur rounding  ob jec t s  i n  the  cdbin 
tliLLt Could come loose  dnd & t r i k e  tlrc occup,li-.t. 
cr,ish the  dynamic load5 exceed  t!iese valucb and  may r e a c h  
4 0  to  50 gls f o r  qhort  du r r t i ons ,  m e a s u r e d  i n  mil l iseconds.  
If t'lc sc,i ts  a re  un.ible to a b s o r b  t n i s  high load i i . i p d s e  t h c y  , 
w i l l  b r e a k  loose.  The  need for ducti le,  ene rgy  abso rb ing  sc,rt 
z t t  ichznent nns been pointed out  repea ted ly  by test evidcnce 
and is being studied by Av SER (3). Manuf.icturer2 a r c  
av,.-trc of thc  d iscrepancy  between st . i t ic loads a n d  dynamic 
l o a d i  and  have been giving at tent ion to the problem. The . % 

2.0 g upv.ard and  1.5 g s ideward  loads are likewise s u s p e c t  
for dcsign va lues  s i n c e  the upward loads m a y  be exceeded by' 

In rLn a i r c r a f t  

. 

I z .  2.- f 

- . -  
I ,  moment s  developed f r o m  t h e  seat 9 g forward loads. . .* \ . -f .  

Structural 

. - <  

C u r r e n t  jet t r a n s p o r t s  are des igned  to take roughly 4 g aerodyknic 
static: loads ,  as appl ied through the center of gravity. 
f a i l u r c  of the  u i n g  or fuselage sec t ions  would be expected to ' occu r  
a t  6 g load values.  In c r a s h  landings  where  fuse l age  f s i l u r e  occurs 
i t  is m o d  frequent ly  just  f o r w a r d  of the wing and  j u s t  aft of t h e  
wing s ince  the  highest  bending s t r e s s e s  o c c u r  i n  t h c s e  areas. 
l o n g  fore and af t  cxtcnsions of a fusclLcgc beyond t!ic w i n g  sec t ion  
provide the  m e a n s  for high bcnding moincnts  on ti!e fusel.,ge. 

T h e  

. .  . .  

3 
. .  ;; 
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Thc lmdiiig gea r  is designed to absorb the energy given by  a 
10  f t .  /see. & i n k  rnte ~.i thoi i t  d.;inage . I t  tlie insxiii?urn landi'ng 
u-cigl ' t  fo r  t;.c .iircr.ift. 
12  f t . / s e c ,  a s  tile energy to be absorbed goes up as  the 
velocity squared. 

The f . d u r e  l eve l  for t!ic g e s r  i s  about 
* L<'. 

However, a lightly loaded aircraft m a y  raji'ch, , .  

sink rates of nearly 20 ft .  /sec.  before failure occurs. 

for clirlinc operation) arc a s  follows: 

Wing 2 3% 26% . . 

F u  e1:igc 18% 20% 
E::? peni:a gc 6 '70 3 '70 
L. G c t r  7 70 6% 
Fo\\.c.r F1:Lnt 18% 20% 
S!. tcnis ( e l c c .  H!.dr. c t c . )  12% 1 170 

*~'.")F:;~.*, .:.'a . ' .  

DC-9 ' - Dc-&b';':-'> 

c . - .  . . .  . .. 

Typical dircraft weight distributions( empty but f d l y  equippc.d :. . 
. . ' . .< 

Fi: r::i s:i ings 1 b% 1470 
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S T E X C E L  AERO ENGINEERING CORFORATION - ! 
5.0 CERTIFICATED AIR CARRIER ACCIDENT STATlSTICS 1 

I 

T h e  Civil Acron<iu t ics  Board c l a s s i f i e s  a n  a i r c r a f t  accident  as  
a n  o c c u r r e n c e  incident to  flight i n  which, a s  a r e su l t  of the  
operat ion of a n  a i r c r a f t ,  any  person  (occupant or non-occupant) 
r ece ives  fa ta l  o r  s e r ious  in jury  or  a n y  a i r c r a f t  r e c e i v e s  .- 
substant ia l  damage .  An a i r c r a f t  acc ident  incident  to f l igh thT. . '  
f u r t h e r  defined a s  an  accident  which o c c u r s  between t h e  time .:. - 

a n  engine or engines  a r e  s t a r t e d  for t h e  purpose  of commendbg *? 

flight until t he  a i r c r a f t  comes to rest with all engines  stopped,:-; 

death o r  i n j u r i e s  t o  pe r sons  on board  which r e su l t  from i l lnes s ,  
n l te r~a t ioons ,  and o ther  incidents  not d i r ec t ly  a t t r ibu tab le  to 
flight opcr, t t ions.  

.. 
*+ . 

f o r  complete  o r  par t ia l  deplaning or unloading. It exc ludes  7 . .  .I.. 

An A i r  c a r r i c r  i s  an opera tor  who h a s  been i ssued  a Cer t i f ica te  
of Fubl ic  Con\*er i?ncc and Necess i ty  by the CAB. 
ca t egor i e s  of a i r  c a r r i e r s  a r e  the Cer t i f ica ted  Route C a r r i e r s  
i 1  nd I ? >  c sti ppl em e!- ta l  cs r r i e r s . 

The  two m a i n  

T h e  s t a t i s t i c s  found in  this  sect ion w e r e  takcn for the mos t  pa r t  
from thc "FAA Stat is t ical  Hiindbook of Aviation" and f r o m  the 
Ci\.il  Acrcmniitics Board Annual "Statist ical  Review." T h e s e  
statJsti:.s 11ave been in t e rp re t ed  b y  the a u t h o r s  f o r  presenta t ion  
i n  t h i s  r epor t .  

* .  
F i g u r e  5 - 1  i s  a b a r  graph that shows,  each  m a j o r  type and  
I:iimber of a i r c r a f t  in operation by t he  certif ic.ated route  
ir ir  c a r r i e r s  a s  of Dcc ., 1965. Bocing, Douglas, Lockheed . . t i  

u s e d  c~m; ine rc i a l  a i r c ra f t .  Of the  2104 f i s c d  wing aircraft .. 

u s e d  fcr  pas senge r  operat ions.  The  number  of c o m m e r c i a l  '; 

2 112 70 s i n c e  1957. The s e r v i c e  provided by t h e s e  airca-ft  . j !  

is  shown in  F i g u r e  5-2 a s  accumula ted  by all. the aircraft,:& 

miles, f l k s  2100 h o u r s  and  makes 2200 d c p i r t u r e s  per .y& 

-I 

4 
-- 4 . .  

al;d Con\.air  [IrLtvide the g rea t e s t  m a j o r i t y  of the cu r ren t ly  

l i s ted  a s  held by the a i r  c a r r i e r s ,  only about 1875 a re  ac tua l ly  

a i r c r a f t  i n  ac t ive  se rv ice  ( F i g u r e  5-3) has only v a r i e d  about 

. ' Z  - r? 

- .-. < . I  

... 

- 3  
I 

.$! '- 

again  in F i g u r e  5-3as amamual a v e r a g e  a l lo ted  to each air&&. --- 
Cur ren t ly ,  t he  average a i r  carrier a i rc r . t f t  t rave ls .700 ,  O O O ' - ' G - i . d  . . . 

This  i s  a <  cnmplished mainly by 1875 of t ic  a i r c r a f t  reprer 
in F i g u r t  5-1. * 

The nuir:)er of commerc ia l  c a r r i e r  acciGel t s  i s  small when 
cunip i r t  
a!). , i  F a ,  cidclits t o  w c i i r  annually.  Of t ie ic . ,  between 50 and 

;. -.:i - . -  

. .  
' . .  
: ! +  ' 

to  the number of a i r c r a f t  opcr 11 c : : . ~ .  F i g u r e  5-4 shows 
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60 accidcnts  contain minor  in ju r i e s  and  infliLt subs tan t ia l  damage  
t o  the  a i r c ra f t .  
fa ta l  i1,juries and  cause  the a i r c r a f t  t o  be totally des t royed .  
ac tua l  number of pe r sons  ki l led p e r  fa ta l  acc ident  i s  shown i n  
F i g u r e  5 - 5 .  
accident  if about 25;  however ,  it is not uncommon for thia 
t o  r i s e  above 80 p e r s o n s  in  any  one  crash. 
acc idents  in which only 4 or 5 per sons  a r e  killed is numetQas 

T h e s e  s t a t i s t i c s  a r e  a l s o  p re sen ted  in terms of operations 
sccident  i n  F i g u r e  5 - 3 .  ' A c c i d e a  averaged and expressed 
t b l s  manficr show a n  accumu1;ition of about I S  r r d l i o n  miles . 
between acc idents ,  and  50,000 h o u r s  a s  we l l  a s  d e p a r t u r e s  
between acc idents .  

Between 10  and  20 acc iden t s  contdin s e r i o u s  or 
The  

T h e  a v e r a g e  number  of p e r s o n s  killed in  a fatal 
~ 

The number dt&i;'-' 

. ~,~- 

The  rat ib  of the r-,umber of operLtiona1 a i r c r a f t  (1875) t o  t h e  
number of acc idcx t s  i n  a year  provides  a n  eas i ly  g ra sped  number .  
T h a t  i s ,  hcw mai:y a i rc - ra f t  ex is t  f o r  each  accident .  Cur ren t ly ,  
F i g u r e  50:) shows that  one (1) out uf eve ry  23 c o n . m e r c i d  air 
c a r r i e r  a i r c r a f t  c a n  be  expected to ir?cur a n  acc ident  of s o m e  t yp? ;  re- 
l d e d  F igu re  5 - 4  ind ica tes  that  one (1) out of e\.ery 37 will i ncu r  
s u ! ) s t ; i n t i a l  damagc ,  and  one ( 1 )  out of e v e r y  188  will be des t royed  
and contain fa ta l i t i es .  

. .  

- 

F i g u r e  5 - 7  shows a breakdown of a i r  c a r r i e r  acc idcn t s  by phase  
of operation for the  per iod from 1960 th ru  1964. This period 
shous t h e  occurance  of 402 acc idents ,  64 of which w e r e  fa ta l  and  
c'iused lo42  fa ta l i t i es .  Out of the number  of acc iden t s ,  about 
147' occur  duri::g take-off and init ial  c l imb;  26% occur  dur ing  
c l imb  to c r u i s e  aiid enroute ;  and  51% o c c u r  du r ing  approach  a n d  
Isinding. However ,  the  fatal  acc idents  show a d i f fe ren t  d i s t r ibu t ior  . 
e x p r e s s e d  rillother way. &-ing take-off one acc ident  in  33 is fa tal ,  
enrnutc  one accider.t i n  1 4  is fa ta l ,  a n d  du r ing  landing one acc ident  
in 20 i s  fa ta l .  T1.e cnrclute accident  is the  m o s t  difficult to -surv ive .  ;. 

. .  

. - .  

.- . 

.. -- 
r . - f  
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FIGURE 5-1 
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FIGURE 5-4 
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FIGURE 5-6 
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U.S. AIR CARRIER ACCIDENTS 
FIGURE 5-7 1960 - I964 INCLUSIVE 
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STENCEI, AERO ENGINEERING CORPORATION . 

6 .O GENERAIA AVIATION ACCIDENT STATISTICS ( R o t o r c r a f t  E x c l u d e d )  

V.S. G e n e r a l  A v i a t i o n  i n c l u d e s  a l l  d o m e s t i c  c i v i l  f l y i n g  
o t h e r  t h a n  s c h e d u l e d  a n d  r e l a t e d  f l y i n g  of p u b l i c  a i r -  
l i n e s .  O v r r  t h e  p a s t  s e v e r a l  y e a r s  t h e  a n n u a l  f l y i n g  . 
t i m e  o f  p l a n e s  i n  g e n e r a l  a v i a t i o n  has been  a b o u t  four -d.: 

t i m e s  t h e  f l y i n g  t i m e  of p u b l i c  c a r r i e r s  in t h e i r  d&trs{;" 
- j  - ., . . -* ' d  t i c  o p e r a t i o n s .  ,. , 2 .- . ._  

, ,I . i -  r-1.- *. 

G e n e r a l  a v i a t i o n  f l y i n g  is categorized b y ' f i v c  tppea: .  - . -  ,' 
p l e a s u r e ,  b u s i n e s s ,  a e r i a l  a p p l i c a t i o n ,  i n a t r u c t l o n  &!la c 

c o m m e r c i a l  ( e x c l u d i n g  a e r i a l  a p p l i c a t i o n )  a n d  m i e c e l l a n - .  
cous. 

O f  a l l  t y p e s  o f  g c n c r a l  a v i a t i o n  f l y i n g ,  p l c a s u r e  f l y i n g  
a c c ' o u n t c d  f o r  a b o u t  25% of  t h e  t o t a l  h o u r s  a n d  for o n e -  
h a l f  o f  t h c  p i l o t  f a t a l i t i e s  i n  t h e  1 9 6 2 - 6 3  p e r i o d .  

The s e c o n d  h i g h c s t  a c c i d e n t  m o r t a l i t y  r a t e  i s  e x p e r i e n c e d  
i n  c o m m e r c i a l  ( a i r  t a x i  s e r v i c e ,  f i r e  c o n t r o l  a c t i v i t i e s ,  
et(..) a n d  m i s c c l l a n e o u s  f l y i n g .  W h i l e  t h e  t i m e  s p e n t  i n  
c o m m e r c i a l  f l y i n g  is n e a r l y  t h e  same a s  i n  p l e a s u r e  
f l y i n g ,  t h e  a c t u a l  n u m b e r  of d e a t h s  w a s  only a b o u t  o n e  
t h i r d  t h a t  o f  p l e a s u r e  f l y i n g .  

B u s i n e s s  f l y i n g  h a s  c x p c r i e n c e d  a s o m e w h a t  b e t t e r  a c c i -  
d e n t  rcb(.ord t h a n  c o m m c r c i a l  f l y i n g .  B u s i n e s s  f l y i n g ,  
w h i c h  u t i  lizcs company-owned a i r c r a f t  t o  t r a n s p o r t  
C ~ X C C U ~ ~ V C S ,  s a l e s  p c r s o n n e l ,  c % t c . ,  a c c o u n t s  f o r  r o u g h l y  
t w o - f i f t h s  o f  t h r  t o t a l  f l y i n g  time i n  g e n e r a l  a v i a t i o n .  
I n  1962-63 t h e  i n t a l i t y  r a t e  f o r  b u s i n e s s  f l y i n g  w a s  
3 . 5  p e r  1 0 0 , 0 0 0  p l a n e  h o u r s ,  or a b o u t  t w o - f i f t h s  l o w e r  
t h a n  f o r  g e n e r a l  a v i a t i o n  as a w h o l e .  

Thc i n s t r u c t i o n a l  f l y i n g  c a t e g o r y  c o n s i s t s  of flight . 
t r a i n i n g  of c i v i l i a n s  u n d e r  n c c r c d i t e d  i n s t r u c t o r  auger-' 
v i s i o n .  O n e - s i x t h  of t h e  t o t a l  f l - y i n g  t i m e  was acckiunted 
for b y  i n s t r u c t i o n a l  f l y i n g  in 1962-63. H o w e v e r ,  this‘. ' 

t y p e  f l y i n g  w a s  r e s p o n s i b l e  f o r  o n l y  o n e - t w e n t i e t h .  .of. _ .  
a l l  f a t a l i t i e s .  

C c n t x r a l  A i * i ; i t i o n  d a t a  p r e s e n t e d  i n  t h e  r e m a i n d e r  of this 
s e c t i o n  a r c  f o r  a l l  f l y i n g  c a t e g o r i e s  a n d  f o r  a l l  t y p e s  
o f  ai r c . r a f  t . 

- - t  : - .  * A*;- , a '  

- .  

3 

-. 
'ct 

- .  . .  

C c n c r a l  a v i a t i o n  c u r r e n t l y  c o n s i s t s  o f  o v e r  z ) O , o O ~  n i r -  
c r a f t  o f  a l l  t y p e s .  T h i s  i s  t w i c c  t h c  n u m b e r  of o n l y  

6- 1 



STESCEI, AERO ENGINEERING CORPORATION 

t c n  y e a r s  a g o  a n d  t h e  r a p i d  g r o w t h  c o n t i n u e s .  F i g u r e  6-1 
g r a p h i c a l l y  p o r t r a y s  t h i s  r a p i d  g r o w t h .  O u t  o f  t h e s e  
a i r c r a f t ,  a b o u t  o n e  i n  18 c a n  be e x p e c t e d  t o  h a v e  a n  
a c c i d e n t  o f  some t y p e :  o n e  a i r c r a f t  i n  2 5  c a n  be expec ted  
t o  r e c e i v e  s u b s t a n t i a l  damage; o n e  a i r c r a f t  in 90 can- bw - . 
e x p e c t e d  t o  be d e s t r o y e d ;  a n d  a b o u t  o n e  a l r c r a f t ' i n  
c a n  b e  e x p e c t e d  t o  s u s t a i n  f a t a l i t i e s .  $ T h e  re-cor - ,  

g e n e r a l  a v i a t i o n  ( F i g u r e  6-11  8 h o w a  t h a t  an h c c i d  
occurs f o r  e v e r y  4000 hours of r c c u r u l r t e d  f l y i n g  t i  
w h i l e  t h e  commerc ia l  a i r  c a r r i e r  record averages 5 0 ,  

L 

. .  f l y i n g  h o u r 8  b e t w e e n  a c c i d e n t s .  . .  
F i g u r c  6 - 2  s h o w s  t h e  n u m b e r  o f  a c c i d e n t s  c u r r e n t 1  
5 0 0 0  p e r  year, o f  w h i c h  5 0 0  a r e  f a t a l ,  a n d  1000 a i r c r a f t  
i11-c d e s t r o y e d .  T h e  a c t u a l  n u m b c r  o f  f a t a l i t i e s  h a s  
i n 1  r c n s r d  t o  o v ~ r  1000 p e r  y e a r  i n  a p p a r e n t  p r o p o r t i o n  
w i t h  t h e  i n c r c a s o d  n u m b e r  o f  a i r c . r a f t .  T h e  r a p i d  u p w a r d  
t r e n d  i s  shown i n  F i g u r c  6 . 3 .  

A b r e a k d o w n  o f  g e n e r a l  a v i a t i o n  a c c i d e n t s  b y  p h a s e  o f  

I t  is r c a t l i l y  a p p a r e n t  t h a t  t h e  l a r g e s t  s i n g l e  p e r c e n t a g e  
o f  a r c i d e n t s  o r c u r  d u r i n g  l a n d i n g ;  h o w e v e r ,  o n l y  a ema l l  
n u m b c r  o f  t h c s c  c n d  w i t h  f a t a l i t i e s ,  Most o f  t h e  f a t a l i -  
t i c s  o c c ' u r  d u r i n g  n o r m a l  c r u i s c . ,  o r  o t h e r  i n - f l i g h t  
c o n d i t i o n s  a s s o c i a t e d  w i t h  bad w c a t h c r ,  m a l f u n c t i o n  o f  
s y s t e m s ,  p i l o t  error o r  u n e x p e c t e d  c o l l i s i o n .  No means 
o f  c s c a p c  i s  p r o v i d e d  i n  m o d e r n - d a y  a i r c r a f t  f o r  i n - f l i g h t  
c m c r g c n c i c s .  T h e  h i g h  v e l o c i t y  c o n d i t i o n  a s s o c i a t e d  
w i t h  i n - f l i g h t  e m e r g e n c i e s  w o u l d  a n d  d o c s  i n  f a c t  p r o v i d e  
r e a s o n  for s u c h  a h i g h  r a t i o  of  m o r t a l i t y  I n  t h i s  p h a s e .  

' o p c r a t i o n  f o r  t h e  y e a r  1963  i s  shown i n  F i g u r e  6 - 4 .  

c .  

. -. 

6- 2 



FIGURE 64 
GENERAL WIATION-ALL PfPES AIRCRAFT 
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FIGURE 6-2 
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--- STEIJCEL A E R O  ENGINEERING C O R P O R A T I O N  -- 
7.0 R O T O R C R A F T  ACCIDENT STATISTICS - 

The purpo:;e of the s t s t i s t i c s  presented  in th i s  sect ion is to 
provide genera l  aviation ro to rc ra f t  accident  data f o r  t he  f o u r -  
y c d r  pcriod of 1960 through 1963. 
tiie C A B  repor t  "Statist ical  Review of Rotorcraf t  Accidents,  U.S. 

.( 

Thc st i l t is t ics  a re  taken f r o m  

G e n c r d  Aviation, 1960-1963. '( 

Figure  7-1 shows a 3-fold i n c r e a s e  i n  the  number  of genekl' 
avirition opers t iona l  he l icopters  o v e r  t he  per iod from 19$9 80 

*%?- _ -  
1965. 

Two f c c t o r s  a rc  evidenced i n  F i g u r e  7-1. One out  of e v e r y  
6 ro to rc ra f t  have been involved i n  s o m e  t y p e  of accident  f o r  

. .A, : . - .  - 
. $  

t h e  f ive-year  period reported,and a s  of 1963 the re  was one 
'-iclicopter accident r eco rded  f o r  about eve ry  21 00 in -serv ice  
hours .  
io t!ic U.S. cominerci; t l  aviation expcriciicc of 1 itccident p e r  
50,000 in- . ;ervice hour s  i n  1966 ;tiid generdl  avi;ition f ixed 
v.ii:g r .Lte of one accidenr pe r  4000 hours.  

7 hese  s t a t i s t i c s  a r e  be t t e r  understood when comphred  

? F i g ~ i r c  7-2 shows the re la t ive  i n c r e a s e  in fatal ,  s e r ious ,  and 
nliiior or 1 1 0  i n j u r y  rotorcr . t f t  acc idents  f r o m  1960 to 1963. 
As noted, tile fcltal and  s e r i o u s  in jury  typcs of acc idents  did 
ilo; i n c r e a s e  great ly  for the f o u r  yea r s ,  but the  minor  or no in ju ry  

.. 
c 

;-* 

, tccideiits great ly  increased .  'e. * .  
L 

Y 
F i g u r e  7-2 a l s o  shows a plot of rotorc.raft  damage v e r s u s  years .  

'- .:$% 
When compared  wit], t he  in ju ry  g n p h  it i s  seen  that  the  number  . .  
of de  t roycd ro to rc ra f t  is nea r ly  tw.ice the  number  of fa ta l  or  
s e r i o u s  injury i~cc idents .  - .>.X 

.. . -  ::7 
F i g a r c  7-3 gives a breakdown of the hel icopter  acc idents  by 

. - :'T 
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FIGURE 7-1 
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ROTORCRAFT ACCIDENTS 
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STENCEL AER 0 E N G I N E E R I N G  COR PORATION 

b. 0 MIL1 T A R Y  ACCIDENT STATISTICS 

The. USAF eject ion data  presented  a r e  taken f r o m  " U S A F  Ejec t ion  
Expcr icncc ,  1 Janua ry  1961 - 31 December  1963" by R. H. Shannon 
and S. P. Chunn, Major ,  USAF (MC).  

During the 3 y e a r  per iod  noted above, e jec t ion  nea t s  w e  
601 t imes  fo r  in-fl ight eicape frcwq dieobled USAF ejrcr 
hundred and one, a r  83% of the t o g 1  e jec t ions  wgre,#ucce 
( n o n  fa ta l ) .  

I .- .fur.. ..CY 

In  17% (100) of a l l  ejeq$ione, the crew mmmbebl,*#". 
rece ived  fatal  in jur ies .  - .  . v r i . .  A I .  3 qP.3 

I % Pl'** 
A s  can  be s e e n  f r o m  F i g u r e  8-1, to ta l  ejections rndfhe e$ecC**  
r a t e  p e r  100, 000 flying hours  showed a m a r k e d  y e a r - t o - y e a  * 
d e c r e a s e .  F igu re  8-1 a l so  shows the number  of e jec t ions  
percentage  of success iu l  e ject ions b e r s u s  y e a r s .  T h e  y e a r  1959 
.: a s  the best year  fo r  USAF eject ions with a n  885 s u c c e s s  ra te .  
Since this 1959 peak the  s u c c e s s  r a t e  for  a l l  e jec t ions  h a s  d e c r e a s e d  
o n l v  s l ight ly ,  hon e v e r ,  the r a t e  of non-fatal  e jec t ions  bctow- 1000 
fee t  has  becbn poorer .  Ejection s e a t -  instabil i ty p r o b l e m s  associated 
with r o c k e t  a s s i s t  sad c.g. offset  make low l eve l  e jec t ion  c r i t i ca l .  A 
stabl l ized sea t  is therefLrt n e c e ~ s d r y  at l a w  a t t i tudes .  Safer 
n icans  of 101 level  ejection a r e  needed and in r ecen t  y e a r s  have  
beep  receiving m a j o r  attention. 
r c c u v c r y  s y s t e m s  and seat  s tabi l izat ion devices  i s  increas ing .  
E n g i a e  f a i lu re  and loss  of cont ro l  u e r e  the p r i m a r y  c a u s e s  of 
cnicrgc,ncies uh ich  resul ted in e scape  by eject ion.  
that most fatal i t ies  resul ted a f t e r  t hese  two types of emergenc ie s  
n c r e  euper ievred .  A t  l o w  a l t i tudes and lo\\ speeds ,  bc.th engine 
f a : l u r t  and 10s c of control c a u s c  conditions which a r e  unfavorable 
for successfu l  ejection. 

- - . : c -  . - ,.- 

The incorpora t ion  of z e r o / z e r o  

F i g u r e  8-2  shows 

The p r i m a r y  f ac to r  in determining the s u c c e s s  o r  f a i l u r e  of a n  
eject ion is the alt i tude,  att i tude,  and a i r speed .  
f r o m  F i g u r e  8-3 ,  72 of al l  e ject ions o c c u r r e d  a t  a n  ai t i tude -of l e e s .  
than 500 feet .  
f r o m  the 72 1ou- leve l  a t tempts .  Althoyeh b ighe r  perfor 
c r a f t  h a \ ?  been  introduced in the4art f k w y e 8 ~ 8 ,  statist 
speed a t  the t i m e  of eject ion has not i-ncreaned. 2 ~ . 
Approximately 218 knot8 wa8 theaverage U S  f o r  all eje 
1961-1963 period. 
e ject ions w e r e  pe r fo rmed  in  a level or cl imbing att i tude.  Mat- 
of the e jec t ions  at tempted below 1000 feet ,  in which a d e s c e d i n g d  
o ther  unfaborable  a i r c ra f t  a t t i tude was  repor ted ,  resu l ted  in  fa ta l i t ies .  

A s  can  be s e e n  

Fif ty  seven pe rcen t  d the fa ta l  e jec t ions  

- . A  - 
c . ... 

I c .  . .p i> .r: . -  , -? 

This  bar ch8rt also rhowe that-over 

8-1 
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F i n a l l v ,  from Figure 8 - 4  i t  is noted that 7 3  of the 100 total fatali- 
t i t k s  rcsultcd from violent impacts with the ground or  uater  usually 
af tcr  zip. attcmpted low-level escapc.  
a g a i n  points out the need for a true z e r o / z e r o  escape  system.  

This cause of death factor 

. .  
~ . .  

' . i . .:- 
~. . _  ._ . 

. .  
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STENCEL AERO ENGINEERING COWHATION 

9.0  H L W W  "OLERAN CES 

T h i s  s e c t i o n  p r e s e n t s  a n u m b e r  o f  g r a p h i c a l  d a t a  r e l a t e d  
t o  human t o l e r a n c e s  f o r  a c c e l e r a t i o n ,  i m p a c t ,  t e m p e r a -  
t u r e  a n d  d e c o m p r e s s i o n .  T h e s e  d a t a  w e r e  g a t h e r e d  f r o m  
t h e  NASA SP-3006 " B i o a s t r o n a u t i c s  Da ta  Book" a n d  FAA 
r e p o r t s  AM 66-12, and MI 66-18 w r i t t e n  by J. J. 
S w e o r i n g e n ,  of t h e  C i v i l  A e r o m e d i c a l  R e s e a r c h  I n a t l % u t e .  
T h e s e  p a r t i c u l a r  g r a p h s  h a v e  b e e n  r e l e c t e d  becau8e 02 _ .  
t h e i r  d i r e c t  r e l a t i o n s h i p  t o  a i r c r a f t  a c c i d e n t  r u r v i v i l .  

T h e  g r a p h s  i n  t h i s  s e c t i o n  a re  p r o v i d e d  m a i n l y  as 
s u p p l e m e n t a r y  d a t a  a n d  a r e  o c c a s i o n a l l y  r e f e r r e d  t o  as 
p a r t  o f  t h e  c o n c e p t  a n a l y s i s  a n d  e v a l u a t i o n .  

. .  

,t" 

An a n a l o g y  o f  t h e  human body  i s  a s c r i e s  o f  s p r i n g - m a s s -  
d a m p e r  s y s t e m s .  I n  such a m o d e l ,  t h e  r a t e  a t  w h i c h  
a c c e l e r a t i o n  is a p p l i e d  a s  w e l l  as t h e  maximum a c c e l e r a -  
t i o n  a r e  i n f e r r e d  t o  b e  o f  g r e a t  i m p o r t a n c e  i n  d e s c r i b i n g  
body  d c c c l c r a t i o n . .  T h e  p h y s i c a l  r e l a t i o n s h i p  o f  t h e s e  
p a r a m e t e r s  i n d i c a t e  c o m p r o m i s e s  t h a t  m i g h t  b c  made  
b e t w e e n  t h e  t w o  f o r .  a n  a v a i l a b l e  s t o p p i n g  d i s t a n c e .  

F i g u r e  9 - 8  s h o w s  t h c  r e l a t i o n s h i p  of m a x i m u m  a c c e l e r a t i o n  
a n d  o n s e t  r a t e  f o r  s t o p p i n g  d i s t a n c e s  f r o m  4 t o  8 I n c h e s  
f r o m  a 30 f t . / s c c .  i m p a c t  v c l o c i t y ' !  T h e  m o s t  e f f i c i e n t  
u s e  o f  s t o p p i n g  d i s t a n c e  i s  p r o d u c e d  b y  a n  i n f i n i t e  
o n s e t  r a t e .  T h i s  i s  r e p r e s e n t e d  by  t h e  minimum g ,  
i n f i n i t e  o n s e t  p o i n t  o f  e a c h  c u r v e .  A t r i a n g u l a r  t i m e  
h i s t o r y  i s  r e p r e s e n t e d  by t h e  maximum g e n d  p o i n t  o f  
e a c h  c u r v e .  T h e  p o i n t s  b e t w e e n  t h e s e  t w o  ex t remes  
r c p r c s e n t  t r a p e z o i d a l  t i m e  h i s t o r i e s  w i t h  s p e c i f i c  
o n s e t  r a t e s  a n d  a f i n i t e  c r u s h i n g  t i m e  a t  c o n s t a n t  g. 
F o r  p r o t e c t i o n  o f  humans ,  t h e  a r e a s  of h i g h  g a n d  low 
o n s e t  r a t e  a r e  o f  i n t e r e s t .  S u p e r i m p o s e d  on  t h i s  figure 
a re  t h e  a p p r o x i m a t e  a c c e l e r a t i o n  tolerance." for .-- - ' * e  

humans  w i t h  a c c e l e r a t i o n  d u r a t i o n  time l a b e l e d  f o r  uich. 
d a t a  p o i n t .  

G b e i n g  t h e  p e a k  l o a d i n g  a n d  t t h e  t i r e  d u r a t i o n  of 7 ' -  

i m p a c t  h o l d s  t r u e .  I t  i s  w i d e l y  a c c e p t e d  t h a t  for 
i m p a c t  d u r a t i o n s  o f  l e s s  t h a n  0 . 0 7  m e c o n d s ,  t h e  b o d y  
a c t s  a e  a r i g i d  mass w i t h  n o  f l u i d  s h i f t s  o c c u r r i n g ' ?  
T h o m p s o n  a s s u m e d  t h a t  s t r u c t u r a l  l i m i t s  f o r  b o d y  t i s s u e  
a r e  i n  e x c e s s  of 2 0 0  g a n d  t h u s  c o n s t r u c t e d  t h e  

. .  
* - ' I ~ 

- .  
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STESCEL AERO ENGl NEEHl ?cG CORPORATION 

t o 1 e r a n c . c  c u r v e  o f  f i g u r e q 4 .  T h e  m a g n i t u d e  of p e a k  g 
m a y  r a n g e  u p  t o  4 5  g f o r  i m p a c t s  o f  g r e a t e r  t h a n  0 . 0 7  
s e c o n d  d u r a t i o n ,  h e n c e  t h e r e  is i n f i n i t e  s l o p e  f o r  t h e  
t o l e r a n c e  c u r v e  i n  t h i s  area.  For  i r p a c t a  of learn 
d u r a t i o n  t i m e ,  u p  t o  a b o u t  200 g ,  t h e  t o l e r a n c e  l i m i t  
i s  r c p r e s c n t e d  by  t h e  c r i t e r i a  t h a t  2. v = 100 (v =,,S=(& . 
fps) a n d  f o r  t h i s  area t h e  t o l e r a n c e  c u r v e  i a  h0rit- t . l .  
T h e  v a l i d i t y  of t h i o  c o n c e p t  i n  i n d i c a t e d  b y  t h e  data 
p o i n t s  o n  f i g u r e  9.9.  ntz :- 

5. 3 
B a s e d  on t h e s e  t e a t  r e s u l t s ,  and shown  i n  F i g u r e  e-*,* 
A .  B. Thompson s t a t e s  t h a t  t h e  u l t l m a t o  human l i m i t s ' :  
t o  c n t i r e  body i m p a c t  is s o m e w h e r e  i n  t h e  r a n g e  of . - .  
1 5  and 5 5  psi i m p a c t  f o r c e .  Thc p h y s i o l o g i c a l  mhock 
y i ~ h l d  p o i n t  l i e s  s o m e w h e r e  b e t w e e n  2 8  a n d  3 2  p s i  for 
t r a n  s v c r s c a c c c 1 e r a  t i o n  s . 
B o d y  i m p a c t  v e l o c i t i e s  R S  h i g h  as 4 5  I p s  may b e  
c x p c c t r d  i n  s e v e r e  b u t  s u r v i v a b l e  a i r c r a f t  c r a s h e s .  

Tile f o r e h e a d  can t a k e  o v e r  200 g i f  i t  i s  a p p l i e d  t o  
a c o n t o u r e d  s u r f a r e  of 3 s q u a r e  i n c h e s  or m o r e  . 2 . 1  

. . .  . .  
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J .  L ,  R e e d ,  P r o j e c t  E n g i n e e r  
L t .  C o l .  T. c. Woodbury  J o h n s o n ,  G r o u p  L e a d e r  
L a r r y  M. H e w i n ,  T e c h n i c a l  D i r e c t o r  

C o n s o l i d n t c d  N o t e s  o n  A i r c r a f t  S a f e t y ,  J. J. C a r r o l l ;  
u n p u b l i s h e d .  

" B i o a s t r o n a u t i c s  Data  B o o k " ,  NASA SP-3006 
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F l i g h t  S a f e t y  

D e s i g n  o f  P a s s e n g e r  "Tie-Down",  S e p t .  1 9 6 5 ,  CSDM R 1 ,  
A v - C I h - 4 4 - 0 - 6 6 ,  A. Howard Hasbrook, A v i a t i o n  C r a s h  . 
I n j u r y  h s c a r c h  o f  C o r n e l l  U n i v e r s i t y  
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^ .  

" L i m i t e d  I n v e s t i g a t l o n  o f  C r u s h a b l e  S t r u c t u r e 8  f o r  $1 

A c c e l e r a t i o n  P r o t e c t i o n  o f  O c c u p a n t s  of V e h i c l e s  a t  
Low I m p a c t  S p e e d s "  NASA T e c h n i c a l  N o t e  0 - 1 5 8 ,  Oc tobe r  1 9 5 9 .  

" E n e r g y  A b s o r p t i o n  P r o p e r t i e s  of Aluminum Honeycomb" ,  
H c x c c l  P r o d u c t s ,  I n c . ,  TSB-110, J a n .  1, 1960.  
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